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ABSTRACT AND ACKNOWLEDGEMENT
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proposed revisions to certain radiation standards for Yucca Mountain.

The U.S. is in compliance with the terms of the Joint Convention. An extensive U.S. legal and
regulatory structure ensures the safety of spent fuel and radioactive waste management. The
report describes radioactive waste management in the U.S. in both commercial and government
sectors, providing annexes with information on spent fuel and waste management facilities,
inventories, and ongoing decommissioning projects. Detailed information is provided on spent
fuel and radioactive waste management safety, as well as imports/exports (transboundary
movements) and disused sealed sources, as required by the Joint Convention.
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A. INTRODUCTION

A.  Introduction

This second National Report updates the first National
Report published on May 3, 2003, under the terms of the
Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management"
(Joint Convention).

A.1 Purpose and Structure of this Report

This report satisfies the requirements of the Joint
Convention for reporting on the status of safety at spent
fuel (SF) and radioactive waste management facilities
within the United States of America (U.S.). The Joint
Convention was ratified by the U.S. on April 9, 2003, and
entered into force on July 10, 2003. The U.S. participated
in the first review meeting held in Vienna, Austria, from
November 3 through November 14, 2003. The Joint
Convention is an important part of a global effort to raise
the level of nuclear safety at nuclear facilities in the
aftermath of the 1986 accident at the Chernobyl nuclear
power plant in Ukraine, and other events. The Joint
Convention provides incentives for nations to bring their
nuclear activities into compliance with internationally
endorsed public health and safety standards or their
equivalent. A copy of the Joint Convention is available
electronically from the International Atomic Energy Agency
(IAEA).?

The Joint Convention is a companion to and is structured

similar to the Convention on Nuclear Safety (CNS), which

entered into force for the United States on July 10, 1999. The CNS is successfully increasing
safety at civilian nuclear power plants throughout the world. The U.S. Nuclear Regulatory
Commission (NRC) published the National Report for the Convention on Nuclear Safety, in
September 2004.° The Joint Convention provides a series of broad commitments on the safe
management of spent fuel and radioactive waste without prescribing specific or mandatory
standards on contracting nations. The Joint Convention extends the review process in the CNS
to spent fuel and radioactive waste management activities.* Each member state having ratified
the Joint Convention (Contracting Party) is obligated to prepare a National Report covering the
scope of the Joint Convention and subject it to review by other Contracting Parties. The second
review meeting will occur at the IAEA in Vienna, Austria, in May 2006.

!International Atomic Energy Agency, Joint Convention on the Safety of Spent Fuel Management and on the Safety
of Radioactive Waste Management, INFCIRC/516, December 24, 1997.

%|nternational Atomic Energy Agency, http://www.iaea.org/Publications/Documents/Conventions/jointconv.html,
3U.S. Nuclear Regulatory Commission, United States of America, National Report for the Convention on Nuclear
Safety, NUREG-1650, Revision 1, Washington DC, USA, September 2004.

“Disused sealed sources are also within the scope of the Joint Convention, as specified in the preamble of the
Convention on Nuclear Safety.




This Department of Energy (DOE) report was prepared by a working group composed of staff
from DOE and other agencies of U.S. Government involved in international and domestic
nuclear activities, including the Department of State, U.S. Environmental Protection Agency
(EPA), and NRC.

This report describes how the U.S. meets the objectives described in Article 1 of the Joint
Convention:

1. Achieve and maintain a high-level of safety worldwide in spent fuel and
radioactive waste management through the enhancement of national measures
and international cooperation, including where appropriate, safety-related
technical cooperation;

2. Ensure that during all stages of spent fuel and radioactive waste management
there are effective defenses against potential hazards so that individuals, society,
and the environment are protected from harmful effects of ionizing radiation, now
and in the future in such a way that needs and aspirations of the present
generation are met without compromising the ability of future generations to meet
their needs and aspirations; and

3. Prevent accidents with radiological consequences, and mitigate such
consequences should they occur during any stage of spent fuel or radioactive
waste management.

The report format and content follow guidelines agreed to at the preparatory meeting of
Contracting Parties to the Joint Convention in December 2001, as amended.® Chapters and
annexes (or appendices) in this report have the same titles as prescribed in these guidelines,
facilitating review by other Contracting Parties. Table A-1 provides a cross-reference between
the chapters in this report and the specific reporting requirements in the Joint Convention.

Table A-1. Joint Convention Reporting Requirements

National Report Section Joint Convention Section
A. Introduction
B. Policies and Practices Article 32, Paragraph 1
22*C. Scope of Application Article 3
D. Inventories and Lists Article 32, Paragraph 2
E. Legislative and Regulatory Systems Article 18; Article 19; and Article 20
F. General Safety Provisions Articles 21-26; Articles 4-9 ; Articles 11-16
G. Safety of Spent Fuel Management Articles 4-10
H. Safety of Radioactive Waste Management Articles 11-17
I. Transboundary Movement Article 27
J. Disused Sealed Sources Article 28
K. Planned Activities to Improve Safety Multiple Articles
L. Annexes Multiple Articles

Information in this report is derived from publicly available information sources. More detailed
information can be found at the internet web sites listed in Table A-2.

®International Atomic Energy Agency, Guidelines Regarding the Form and Structure of National Reports: Joint
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management, Vienna,
Austria, December 13, 2002. http://www.iaea.org/Publications/Documents/Conventions/jointconv.html
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Table A-2. Key Sources of Information Available on the Internet
Code of Federal Regulations

Access to all regulations: http://www.access.gpo.gov/cgi-bin/cfrassemble.cgi?title=2006
Energy, Title 10: (Includes DOE and NRC regulations): http://www.access.gpo.gov/cgi-bin/cfrassemble.cgi?title=200510
Protection of the Environment, Title 40: http://www.access.gpo.gov/cgi-bin/cfrassemble.cqi?title=200540

U.S. Department of Energy

Homepage: http://www.energy.gov
Office of Environment, Safety, and Health: http://tis.eh.doe.gov/portal/lhome.htm

Office of Environmental Management: http://www.em.doe.gov/index4.html

Office of Civilian Radioactive Waste Management: http://www.ocrwm.doe.gov/

Office of Independent Assessment and Performance Assurance: http://www.oa.doe.gov/

Energy Information Administration: http://www.eia.doe.gov/fuelnuclear.html

Integrated Safety Management: http://www.eh.doe.gov/ism/
Orders and directives: http://www.directives.doe.gov/

Technical standards: http://tis.eh.doe.gov/techstds/
Waste Isolation Pilot Plant: http://www.wipp.ws/

U.S. Nuclear Regulatory Commission

Homepage: http://www.nrc.gov/
Regulations: http://www.nrc.gov/reading-rm/doc-collections/cfr/
Regulatory guides: http://www.nrc.gov/reading-rm/doc-collections/reg-quides/

Statutes and legislation: http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0980/

Advisory Committee on Nuclear Waste: http://www.nrc.gov/what-we-do/requlatory/advisory/acnw.html

Radioactive waste: http://www.nrc.gov/waste.html
Nuclear materials: http://www.nrc.gov/materials.html

Nuclear Materials Decommissioning: http://www.nrc.gov/what-we-do/regulatory/decommissioning.html

Nuclear Reactor Decommissioning: http://www.nrc.gov/what-we-do/requlatory/decommissioning.html

U.S. Environmental Protection Agency
Homepage: http://www.epa.gov/
Regulations: http://www.epa.gov/epahome/cfr40.htm
Major environmental laws: http://www.epa.gov/epahome/laws.htm

Office of Air and Radiation: http://www.epa.gov/oar
Office of Solid Waste: http://www.epa.gov/osw/

Radiation Program: http://www.epa.gov/radiation/
Waste Isolation Pilot Plant Oversight: http://www.epa.gov/radiation/wipp/index.html

Yucca Mountain Standards: http://www.epa.gov/radiation/yucca/index.html

Other

U.S. Department of State, Bureau of Nonproliferation: http://www.state.gov/t/np/

U.S. Defense Nuclear Facilities Safety Board: http://www.dnfsb.gov/

National Academy of Sciences: http://www4.nationalacademies.org/nas/nashome.nsf

National Council on Radiation Protection and Measurements: http://www.ncrp.com/
U.S. Nuclear Waste Technical Review Board (NWTRB): http://www.nwtrb.gov/
Conference of Radiation Control Directors, Inc.: http://www.crcpd.org/

U.S. Customs and Border Protection: http://www.customs.ustreas.qov/
Department of Homeland Security: http://www.dhs.gov

U.S. Army Corps of Engineers Formerly Utilized Sites Remedial Action Program:
http://hg.environmental.usace.army.mil/programs/fusrap/fusrap.html

The internet references provided in this report were available to the public and accurate as of
the publication date. In some cases some of these URLs may change over time or no longer be
active.




A.2 Summary Results from the Previous Review

The Guidelines Regarding the Form and Structure of a National Report specify each National
Report should contain conclusions from the discussion of the National Report at the previous
Review Meeting and to what extent the discussion and comparisons with the practices of other
Contracting Parties have made evident strong features in its current practices; and areas for
improvement and major challenges for the future. The U.S. has six decades of experience in
the operations of spent fuel and radioactive waste management facilities. The U.S. found the
first review process under the Joint Convention confirmed the existence of a high quality and
successful program to safely manage and dispose of spent fuel and radioactive waste — the
U.S. national policy is safe permanent disposal of spent fuel and radioactive waste to ensure
long-term containment and isolation from the environment.

Information to meet the Joint Convention reporting requirements was compiled into an
integrated, National Report comprehensively documenting the safety of radioactive waste
management in the U.S. The U.S. National Report was published in May 2003 and distributed
to 32 other contracting parties for review prior to the First Review Meeting of the Parties in
November 2003. The U.S. received 167 written questions or comments from 17 Contracting
Parties. Written responses to these questions or comments were provided prior to the review
meeting. These questions and comments were considered during the preparation of this
report. The U.S. review session was held on November 4, 2003. A summary presentation was
given by members of the U.S. delegation followed by a question and answer period. Feedback
from Contracting Parties on the U.S. report and presentation session was very positive. There
was unanimous consent from those present the report and presentation were informative,
comprehensive, transparent, and fulfilled the requirements of the Joint Convention.

The first review urged nations to commit to a reliable waste disposal capability for all their
waste, and must not assume other nations or future generations will solve their disposal issues.
Many Contracting Parties hoped for the possibility of an international or regional repository to
meet their disposal needs, highlighting the progress the U.S. has made toward geologic
disposal of spent fuel and high-level waste at the planned Yucca Mountain repository. The
review also noted the operation of the world’s only deep geological repository for disposal of
transuranic (long-lived) radioactive waste at the Waste Isolation Pilot Plant (WIPP). WIPP set a
standard for successful disposal operation. The review highlighted the difficulties most nations
are facing about geologic disposal. Many of the questions asked during the U.S. review session
focused on topics related to Yucca Mountain, reflecting international interest in this project. The
U.S. is also focusing on maintaining capacity for low-level radioactive waste disposal facilities
and developing disposal capacity for greater-than-class C low-level waste.

There was feedback during the November 2003 review from a group of Contracting Parties
recommending an extension to the U.S. deadline for return of foreign research reactor spent
fuel. The U.S. policy has now been changed and is discussed later in this report. This is a key
part of a broader U.S. global initiative to increase security of radioactive material.

The U.S. review highlighted extensive experience gained through the decommissioning of a
variety of nuclear facilities. The U.S. noted all Contracting Parties would benefit from a strategy
to decommission nuclear facilities, preferably at the onset of the project and before licensing, to
ensure future waste legacies are avoided. Such a strategy is heavily dependent upon the
availability of radioactive waste disposal capability.

The review also pointed out areas in the National Report where additional information was
needed. This report includes inventories of stored spent fuel at nuclear power plants and




research reactors and an estimate of waste arising from mining of resource ore. Several
thematic areas were singled out for additional information, such as regulatory staffing,
emergency preparedness, discharges and releases to the environment, inspection and
enforcement experience, and dose measurement history. This report includes information on

these topics.




B. POLICIES AND PRACTICES

. . . . . B. Policies & Practices
This section summarizes the U.S. national policy for spent o '

fuel and radioactive waste management, and related
nuclear activities. The section also describes:

e The different roles and responsibilities of Federal
Government agencies and commercial or private
sector entities in the use of nuclear energy in the U.S,;

e The classification of spent fuel and types of radioactive
waste; and

e The practices for spent fuel and radioactive waste
management, including background information.

B.1 U.S. National Policy on Nuclear Activities

The U.S. Congress engaged in a vigorous and contentious
debate over civilian versus military control of the atom
following World War Il. The Atomic Energy Act of 1946
resolved the debate by creating the Atomic Energy
Commission (AEC) to assume authority over the sprawling
scientific and industrial complex built by the military during
the War. The AEC was the predecessor of current U.S.
Government agencies governing nuclear activities.

The Atomic Energy Act of 1954 assigned AEC the

functions of both encouraging the use of nuclear power

and regulating its safety. AEC regulatory programs sought

to ensure public health and safety from the hazards of

nuclear power without imposing excessive requirements

inhibiting the growth of the industry. The Atomic Energy Act of 1954 made development of
commercial nuclear power in the private sector possible. The U.S. Government has actively
promoted the development of commercial nuclear power and ensured its safe use ever since.

The U.S. Congress passed the Energy Reorganization Act of 1974 and redistributed the
functions performed by the AEC to two new agencies. It created NRC as an independent
agency to regulate private sector and non-military governmental nuclear power, and the Energy
Research and Development Administration (ERDA) to promote energy and nuclear power
development. ERDA was also responsible for defense nuclear activities. NRC was established
as an independent authority governed by a five-member Commission to regulate the possession
and use of nuclear materials as well as siting, construction, and operation of nuclear facilities.
ERDA was established to ensure development of all energy sources, increase efficiency and
reliability of energy resource use. It was also responsible for AEC military and production
activities and general basic research activities. Supporters and critics of nuclear power agreed
promotional and regulatory duties of AEC for commercial activities should be assigned to
different agencies.

NRC began regulatory operations on January 19, 1975. It performs its mission by issuing
regulations, licensing commercial nuclear reactor construction and operation, licensing the
possession of and use of nuclear materials and wastes, safeguarding nuclear materials and




facilities from theft and radiological sabotage, inspecting nuclear facilities, and enforcing
regulations. NRC regulates commercial nuclear fuel cycle materials and facilities, commercial
sealed sources, including disused sealed sources. NRC is also responsible for licensing
commercial nuclear waste management facilities, independent spent fuel management facilities,
and the planned Yucca Mountain repository for disposal of high-level waste (HLW) and spent
fuel. NRC also oversees certain state programs where NRC has relinquished limited regulatory
authority to the individual states.

The Department of Energy Organization Act brought a number of the Federal government's
agencies and programs, including ERDA, into a single agency, DOE, which was made
responsible for nuclear energy technology and nuclear weapons programs. DOE has added
new nuclear-related activities for environmental clean up of contaminated sites and surplus
facilities. DOE retains authority under the Atomic Energy Act of 1954 for regulation of its
nuclear activities other than certain specifically designated facilities, such as the repository at
Yucca Mountain. DOE is responsible for developing the planned Yucca Mountain site as a
repository.

EPA was created in 1970 to address a growing public demand in the U.S. for cleaner water, air,
and land. EPA was assigned the daunting task of repairing the damage already done to the
environment and established new criteria for a cleaner environment. Under its general
authority, EPA establishes generally applicable environmental standards for the protection of
the general environment from radioactive material. This authority establishes standards for
cleanup of active and inactive uranium mill tailing sites, environmental standards for the uranium
fuel cycle, and environmental radiation protection standards for management and disposal of
spent fuel (SF), HLW, and transuranic (TRU) waste. EPA standards are implemented and
enforced by other government agencies. EPA also regulates disposition of hazardous chemical
wastes. EPA promulgates standards for and certifies compliance at the Waste Isolation Pilot
Plant (WIPP) repository for the disposal of defense-related TRU waste. EPA standards limit
airborne emissions of radionuclides from DOE sites managing defense-related spent fuel and
radioactive waste under the Clean Air Act. The regulatory roles of the U.S. Government
agencies for nuclear activities are described in detail in Section E.

B.2 Government and Commercial Entities

B.2.1 Government Sector

DOE is responsible for and performs most of the spent fuel and radioactive waste management
activities for government-owned and generated waste and materials located, for the most part,
on government-owned sites. These activities include management of spent fuel remaining from
decades of defense reactor operations, primarily at the Hanford Site, Washington, and
Savannah River Site, South Carolina. These operations ceased in the early 1990s.
Reprocessing of spent fuel from defense reactors ceased in 1992. DOE has safely stored the
remaining defense spent fuel and spent fuel generated in a number of research and test
reactors since then. DOE also provides safe storage for the core of the decommissioned Fort
St. Vrain gas-cooled reactor and the core of the Three-Mile-Island Unit 2 reactor damaged in an
accident in 1979.

The U.S. has an aggressive program for the return of “foreign” research reactor fuel originally
enriched or supplied by the U.S. This spent fuel is being returned by other nations for safe
keeping in the U.S. The U.S. Secretary of Energy announced a new Global Threat Reduction
Initiative on May 26, 2004, to remove or secure high-risk nuclear and radiological materials
around the world posing a threat. Part of this initiative is continuing the program of accepting
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U.S.-origin foreign research reactor spent fuel back into the U.S. Other parts of this initiative
include worldwide efforts to:

e Convert research reactors and medical isotope production process to low enriched uranium
fuel and targets;

e Assist countries with Russian-origin highly-enriched uranium research reactors in converting
to low-enriched uranium fuel; and

e Identify, recover, and store certain domestic radioactive sealed sources and other
radiological materials posing a security risk.

The initiative also includes a global materials recovery team to pre-position equipment and
assign personnel for urgent nuclear materials recovery operations.

DOE has a complete waste management system for government spent fuel and waste. This
includes numerous storage facilities and processing facilities (treatment and conditioning).
Disposal facilities for low-level waste (LLW) and the Waste Isolation Pilot Plant for TRU waste
are described in other sections of this report. Other waste management treatment and disposal
systems support cleanup and closure of facilities no longer serving a DOE mission. More
information is provided in Section D on spent fuel and radioactive waste facilities in the
government sector.

DOE Order 435.1, Radioactive Waste Management, addresses protection of the worker, public
health and safety, and the environment for all DOE radioactive waste management. Numerous
references are made throughout this report to DOE Order 435.1 and its technical manual and
guidance documents. Section H-2 provides additional detail about DOE Order 435.1.

DOE is pursuing licensing and construction of a geologic repository for spent fuel and HLW at
Yucca Mountain, Nevada. The planned geologic repository will provide permanent disposal of
spent fuel and HLW from commercial and government facilities. More information on the
planned geologic repository is provided in Section D.1.2.

Decommissioning activities generate radioactive waste in both the commercial and government
sectors. Decommissioning activities are described in Section D.3.

B.2.2 Commercial Sector

Owners and operators of nuclear power plants and other types of facilities generating
radioactive waste manage the spent fuel and radioactive waste generated by their facilities prior
to disposal. Waste disposal sites, however, will ultimately be administered by U.S. Federal or
state governments. Government custody may occur at different stages of the waste
management scheme depending on the type of radioactive waste and generating activity.
Additional information on commercial spent fuel and radioactive waste management is provided
in Section D.

B.2.3 Classification of Spent Fuel and Radioactive Waste

B.2.3.1 Spent Fuel

In the U.S., spent fuel is fuel withdrawn from a nuclear reactor following irradiation, the
constituent elements of which have not been chemically separated by reprocessing. DOE
allows test specimens of fissionable material irradiated for research and development only, and

8



not production of power or plutonium, to be classified as waste, and managed in accordance
with DOE Order 435.1, when it is technically infeasible, cost prohibitive, or would increase
worker exposure to separate the remaining test specimens from contaminated material.

B.2.3.2 Radioactive Waste

The U.S. radioactive waste classification system has two separate subsystems. One
classification subsystem applies to commercial waste and is defined in NRC regulations. The
other classification subsystem applies to DOE waste.

Radioactive waste from DOE nuclear operations is classified as HLW, TRU waste, LLW, or mill
tailings.® Waste may also contain hazardous waste constituents. Waste with both radioactive

and hazardous constituents in the U.S. is called “mixed” waste, e.g., mixed LLW or mixed TRU
waste.

LLW is classified in the commercial sector as Class A, Class B, Class C and Greater-than-Class
C (GTCC) LLW. These classes are defined in NRC regulations (Title 10, Code of Federal
Regulations [CFR], Part 61), based on potential LLW hazards and disposal and waste form
requirements. Class A LLW contains lower concentrations of radioactive material than Class B
LLW, which has lower concentrations than Class C LLW. Table B-1 compares the commercial
waste classification structure to IAEA proposed waste classes.

DOE manages waste from its operations using procedures and requirements comparable to
those used by NRC for commercial waste. Both NRC and DOE approaches apply similar
performance objectives. DOE does not use the NRC LLW classification system for its near
surface disposal systems, however. DOE requires each LLW facility operator to conduct a
performance analysis considering waste forms and characteristics, site conditions, and facility
design. This analysis leads to specific waste acceptance criteria tailored to each of its LLW
facilities. Table B-2 compares DOE disposal classification to IAEA proposed waste classes.
DOE uses the TRU waste class for long-lived, alpha emitting waste (see Table B-2 for complete
definition). Similar NRC regulated commercial waste falls in the GTCC LLW category.

Crosswalk to the IAEA waste classification scheme is approximate based on available waste
management data. The data provide a reasonable translation with some uncertainty of the U.S.
waste classes into the IAEA proposed classification system. Many nations, like the U.S., have
their own reporting categories. It is useful then to compare national classification schemes to a
common classification scheme to gain a common understanding for reviews under the Joint
Convention. The U.S. provided information to the Net-Enabled Waste Management Data Base
program at the IAEA in 2004 to define the U.S. waste classification scheme and compare it to
waste classes with proposed waste classes in IAEA Safety Guide 111-G-1.1, Classification of
Radioactive Waste.

The proposed IAEA waste classes include HLW and low and intermediate level waste (LILW).
The LILW class is further subdivided into short-lived (LILW-SL) and long-lived (LILW-LL)
subclasses. The IAEA system for classification of radioactive waste does not recognize waste
such as those from mining and milling uranium ore. Despite having fairly long half-lives, the
IAEA notes that mining and milling wastes may have concentrations low enough to allow either
exemption or disposal in the same fashion as short-lived wastes, depending on safety

®Referred to in Section 11e.(2) of the Atomic Energy Act as byproduct material.




analyses.” Table B-1 and Table B-2 show no correlation with the IAEA system for 11e.(2)
byproduct material.

B.2.3.3 Materials Considered Radioactive Waste

U.S. radioactive waste has many designations for its hazards and the circumstances and
processes in which it is created. Uranium mill tailings, the final byproduct of the uranium ore
extraction process, are considered radioactive wastes. The day-to-day rubbish generated in
medical laboratories and hospitals, contaminated by medical radioisotopes, is also designated
radioactive waste. Tailings from industrial extraction of metals and minerals of value (such as
molybdenum or vanadium) are not routinely considered radioactive waste, but the processor of
tailings having elevated levels of natural radionuclides may be licensed by NRC. The laws also
specify which chemical and physical forms are regulated and controlled, and also by which
Federal or state entity.

NRC regulates most, but not all, sources of radioactivity, including LLW and HLW disposal, and
source material (uranium and thorium), special nuclear material (enriched uranium and
plutonium), and byproduct material (material made radioactive in a reactor and residues from
the milling of uranium and thorium. Regulations addressing various aspects of the generation
and control of radioactive wastes and other nuclear activities are codified in the U.S. Code of
Federal Regulations (CFR). These regulations, found in Title 10 (“Energy”) of the CFR, address
the storage, treatment, and possession of radioactive waste. Section E provides discussion
about the various regulations.

Currently the individual states® in the U.S. usually regulate the sources of radiation that NRC
does not regulate. For example, naturally occurring radioactive materials (NORM) such as
radium and radon, and radioactive materials produced in particle accelerators, such as
cobalt-57, are regulated by the states rather than NRC. Radiation producing machines, such as
particle accelerators and x-ray machines (both medical and industrial) are also regulated by the
states. However, the Energy Policy Act of 2005 (EPACTO5) signed into law in August 2005
authorizes NRC to regulate accelerator-produced material and radium-226 among other
changes. NRC is developing regulations and procedures to address its new EPACTO05
responsibilities.

The Office of Surface Mining of the U.S. Department of Interior and the individual states
regulate mining of uranium ore. Other extraction mining and refinement operations for metals,
phosphates, etc. may concentrate naturally occurring radionuclides in these tailings materials.
Some mineral extraction processes (not for nuclear content) are specifically licensed by NRC,
because they incidentally result from the use, or concentration, of material above 0.05 percent
by weight source material. ldentified processors are required to obtain a NRC license. See
Section C-2 for more information on these materials.

B.3 Spent Fuel Management Practices

This subsection provides information on spent fuel storage and disposal practices in the U.S.
Past reprocessing activities are also described.

Classification of Radioactive Waste, A Safety Guide, Safety Series No 111-G-1.1, IAEA1994.
®In this context, “states” within the United States of America are similar to provinces or departments indicating the
next level of government below the federal level.
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Table B-1. U.S. Commercial Radioactive Waste Classification Compared with the IAEA Proposed
Classification for Disposal

Waste 1. U.S. Definition IAEA® IAEA IAEA
Class o HLW LILW-LL | LILW-SL
HLW The highly radioactive material resulting from the reprocessing

of spent nuclear fuel, including liquid waste produced directly
in reprocessing and any solid material derived from such liquid
waste containing fission products in sufficient concentrations 100% 0% 0%
and other highly radioactive material that the Commission,
consistent with existing; law, determines by rule requires
permanent isolation. .

Greater Waste not generally acceptable for near-surface disposal is
Than waste from which form and disposal methods must be
Class C different, and in general more stringent, than those specified
(GTCC) in Class C waste. In the absence of specific requirements in
LLW this part, such waste must be disposed of in a geologic
repository as defined in 10CFR Part 60 or 63 unless proposals 0% 100% 0%

for disposal of such waste in a 10CFR Part 60 licensed
disposal site are approved by NRC. Radionuclide
concentration (individual or combinations of isotopes) exceeds
10CFR61.55 limits in Table 1 (long-lived) or Table 2, Column
3 (short lived).

Class C Waste that not only must meet more rigorous requirements on
LLW waste form to ensure stability but also requires additional
measures at the disposal facility to protect against inadvertent
intrusion. Must meet both the minimum and stability
requirements in the 10CFR61.55. Radionuclide concentration 0% 25%" 75%
per 10CFR61.55 falls between 10% and 100% of values on
Table 1 (long-lived radionuclides) or between the values in
Column 2 and Column 3 of Table 2 (short lived radionuclides)
with application of sum of fractions rule for isotope mixtures.

Class B Waste that must meet more rigorous requirements on waste
LLW form to ensure stability. The physical form and characteristics
must meet both the minimum and stability requirements in the
10CFR61.56. Concentration limits of certain short-lived
radionuclides are higher than Class A limits as defined in
10CFR61.55 Column 2 of Table 2 (short-lived radionuclides).

Class A The physical form and characteristics must meet the minimum
LLW requirements in 10CFR61.56. Concentration is limited in
10CFR61.55, e.g. to concentration limits in Column 1 of Table
2 (short-lived radionuclides) or 10% of limits in Table 1 (long-
lived radionuclides) or combinations thereof by sum of
fractions rule.

11e.(2) Tailings or wastes produced by the extraction or concentration
Byproduct of uranium or thorium from any ore processed primarily for its
Material source material content, including discrete surface wastes
resulting from uranium solution extraction processes. 0% 0% 0%
Underground ore bodies depleted by such solution extraction
operations do not constitute "byproduct material" within this
definition.*?

0% 0% 100%

0% 0% 100%

°|IAEA, Classification of Radioactive Waste; A Safety Guide, Safety Series No. 111-G-1.1.

°From the Nuclear Waste Policy Act, as amended.

A reasonable estimate of the split of Class C waste into the IAEA categories is by the fraction of waste classified as Class C
by long-lived radionuclides per 10CFR61.55 Table 1 to compare with IAEA LILW-LL. Percentages determined based on
commercial disposal data for 1998-2000.

2Title 10 CFR Part 40, Domestic Licensing of Source Material (Section 40.4)
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Table B-2. DOE Radioactive Waste Classification Compared with the IAEA Proposed

Classification for Disposal*®

Waste
Class

U.S. Definition

IAEA'
HLW

IAEA
LILW-LL

IAEA
LILW-SL

HLW

High-level waste is the highly radioactive waste material
resulting from the reprocessing of spent nuclear fuel, including
liquid waste produced directly in reprocessing and any solid
material derived from such liquid waste containing fission
products in sufficient concentrations; and other highly
radioactive material that is determined, consistent with
existing law, to require permanent isolation. (Reference: DOE
Manual 435.1, Radioactive Waste Management, adapted
from: Nuclear Waste Policy Act of 1982 (NWPA), as
amended.)

100%

0%

0%

TRU

Radioactive waste containing more than 3,700 becquerels
(100 nanocuries) of alpha-emitting transuranic isotopes per
gram of waste, with half-lives greater than 20-years, except
for: (1) HLW, (2) waste that the Secretary of Energy has
determined, with the concurrence of the Administrator of EPA,
does not need the degree of isolation required by the 40 CFR
Part 191 disposal regulations; or (3) waste NRC has approved
for disposal on a case-by-case basis in accordance with 10
CFR Part 61. (Reference: DOE Manual 435.1, Radioactive
Waste Management citing the Waste Isolation Pilot Plant Land
Withdrawal Act of 1992 (WIPP LWA), as amended)

0%

100%

0%

LLW

Radioactive waste that is not HLW, spent fuel, TRU waste,
byproduct material (as defined in section 11(e)2 of the Atomic
Energy Act of 1954, as amended), or naturally occurring
radioactive material. Reference: DOE Manual 435.1,
Radioactive Waste Management citing the Nuclear Waste
Policy Act of 1982, as amended)

0%

0.5%

99.5%

11e.(2)
Byproduct
Material

The tailings or wastes produced by the extraction or
concentration of uranium or thorium from any ore processed
primarily for its source material content. (Reference: DOE
Manual 435.1, Radioactive Waste Management citing Atomic
Energy Act of 1954, as amended.)

0%

0%

0%

B.3.1 Spent Fuel Storage

U.S. spent fuel has been produced in commercial nuclear power plants, research reactors, and
defense reactors. Currently 104 licensed nuclear power reactors provide about 20 percent of
the electricity generated in the U.S. Information on U.S. nuclear power reactors is provided in

the U.S. National Report for the Convention on Nuclear Safety (Ref NUREG-1650 Rev. 1). All
operating nuclear power reactors are storing spent fuel in NRC licensed on-site spent fuel pools
(SFPs) or independent spent fuel storage installations (ISFSIs). Nuclear power plants being
decommissioned may have spent fuel stored on site. Spent fuel is typically stored on site
pending disposal when a nuclear power plant is decommissioned. NRC amended its
regulations in 1990 allowing licensees to store spent fuel in NRC-certified dry storage casks, at
approved reactor sites. Section D.1.1 provides additional information on spent fuel storage.

Spent fuel from both domestic and foreign research reactors, in addition to limited quantities of
commercial spent fuel, is stored at DOE and other research reactor facilities throughout the
country. DOE also stores spent fuel from former defense production reactors. Storage of

13IAEA, Classification of Radioactive Waste; A Safety Guide, Safety Series No. 111-G-1.1
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radioactive waste at DOE sites is managed consistent with regulatory guidelines used at
commercial nuclear facilities.

B.3.2 Spent Fuel Disposal

The Nuclear Waste Policy Act (NWPA) of 1982 provides for siting, construction, and operation
of a deep geologic repository for the disposal of spent fuel and HLW. NWPA also assigns
responsibilities for the disposal of spent fuel and HLW to three Federal agencies:

o DOE for developing permanent disposal capability for spent fuel and HLW;

o EPA for developing public health and safety standards; and

¢ NRC for developing regulations to implement EPA standards, deciding whether or not to
license construction, operation, decommissioning and closure of the repository, and
certifying packages used to transport spent fuel and HLW to the repository, if it is licensed.

The NWPA, as amended in 1987, directed DOE to characterize a site at Yucca Mountain,
Nevada, for its potential use as a geologic repository. Section D.1.2 provides additional
information on the planned repository at Yucca Mountain.

B.3.3 Waste Confidence Determination

In 1990, NRC updated an earlier generic determination, finding spent fuel generated in any
reactor can be stored safely and without significant environmental impacts for at least 30 years
beyond its licensed life. Sufficient repository capacity will be available within 30 years beyond
its licensed life for operation of any reactor to dispose of the commercial high-level waste and
spent fuel generated by commercial reactors up to that time. Spent fuel from a reactor can
either be stored in an SFP or ISFSI, either on site or off site until a permanent disposal facility is
licensed. NRC expects sufficient capacity for such storage to be available for at least 30 years
beyond the licensed operating life of existing U.S. reactors.

B.3.4 Reprocessing in the United States

Reprocessing, where plutonium, uranium, or both are recovered from spent fuel to be used
again in a reactor, was abandoned in the 1970s in the United States because of concerns about
nuclear proliferation. Several reprocessing ventures had been contemplated in the 1960s and
early 1970s. General Electric Company planned construction of a commercial reprocessing
facility near Morris, lllinois, in the late 1960s, but only the storage facility was completed and
remains in operation today. Another facility at West Valley, New York, was operated by Nuclear
Fuel Services from 1966 to 1972. This facility processed 640 metric tons heavy metal (MTHM)
from government and commercial nuclear power plants, resulting in 2.3 million liters of liquid
HLW. This was the only commercial reprocessing plant operated in the U.S. The U.S.
Government declared a moratorium on domestic reprocessing of commercial spent fuel in 1977.
The moratorium was rescinded in 1981, but commercial reprocessing never resumed.

The West Valley Demonstration Project, a research and development project funded by DOE,
completed vitrification of the HLW stored at West Valley in 2002. The New York State Energy
Research and Development Authority now owns the site. There are 270 canisters filled with
vitrified HLW stored at West Valley.

The May 2001 National Energy Policy recommended the United States “...develop reprocessing
and final treatment technologies that are cleaner, more efficient, less waste-intensive, and more
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proliferation resistant.” These technologies are key components needed for next-generation
nuclear energy systems. They form the basis for ongoing DOE research and development
programs on advanced nuclear reactors and spent fuel treatment and transmutation
technologies.

B.4 Radioactive Waste Management Practices

Radioactive waste in the U.S. results from a number of activities. Each of these will be
discussed in the following sections of this report.

B.4.1 Low-Level Waste

Low-level waste typically consists of contaminated protective shoe covers and clothing, wiping
rags, mops, filters, reactor water treatment residues, equipment and tools, soil, debris, luminous
dials, medical tubes, swabs, injection needles, syringes, and laboratory animal carcasses and
tissues. Radioactivity can range from just above background to very high levels, such as parts
from inside the reactor vessel in a nuclear power plant. The U.S. has a comprehensive
management system for most LLW. Commercial and government facilities exist for LLW
processing, including treatment, conditioning, and disposal. Generators prepare LLW for
shipment to licensed disposal. Section D.2.2.2 provides additional information on the facilities
and inventories of LLW.

LLW disposal volumes and radioactivity vary from year to year based on the types and
guantities generated. The volume of operational commercial LLW has been decreasing over
the years due to significant advances in volume reduction techniques to offset the high cost of
disposal. Large volumes of LLW have been generated in recent years from facility
decommissioning and site remediation. LLW specific activity has thus increased.

Commercial LLW disposal facilities are designed, constructed, and operated under licenses
issued by either NRC or an Agreement State (see Section H.3) based on NRC health and safety
requirements. NRC regulations restrict the waste disposal quantities, forms, and activity levels
in commercial LLW facilities.

DOE operates disposal facilities for LLW generated in the government sector under authority of
the Atomic Energy Act. DOE also uses commercial LLW disposal sites in certain
circumstances. These practices are described further in Section F and Section H.

LLW (Class A, B and C) is currently disposed in near surface facilities. A key factor in the LLW
disposal requirements and waste classification system is protecting people during operations
and later from their inadvertent intrusion. The design, operation, and closure of the land
disposal facility must ensure protection of any individual inadvertently intruding into the disposal
site and occupying the site or contacting the waste at any time after active institutional controls
are removed. GTCC LLW is stored until an adequate method of disposal is established. GTCC
LLW is discussed further in Section D.2.1.2.

B.4.2 Transuranic Waste

Classification as “TRU waste” exists only within DOE government (non-commercial) sector.
TRU waste generally consists of protective clothing, tools, glassware, equipment, soils, and
sludge contaminated with manmade radioisotopes heavier than uranium. TRU elements are
beyond or “heavier” than uranium on the periodic table of the elements. See Table B-2 for the
definition of TRU waste. These elements include plutonium, neptunium, americium, curium, and
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californium. TRU waste is produced during nuclear fuel research and development; during
nuclear weapons research, production, and cleanup; and from reprocessing spent fuel. TRU
waste is itself divided into two categories, contact-handled and remote-handled, based on its
surface dose rate. The maximum radiation dose at the surface of a contact-handled TRU waste
container is 2 mSv per hour (200 mrem per hour). Remote-handled TRU waste emits more
radiation than contact-handled TRU waste and must be both handled and transported in
shielded casks. Surface radiation levels of unshielded containers of remote-handled TRU waste
exceed 2 mSv per hour (200 mrem per hour). Section D.2.2.1 provides information on disposal
of TRU waste.

B.4.3 High-Level Waste

The planned Yucca Mountain repository, if licensed, will be used for the disposal of HLW in
addition to spent fuel disposal. HLW resulting from commercial reprocessing activities was
vitrified and is stored at the former reprocessing plant in West Valley, New York. Defense HLW
is stored, managed and treated at three DOE sites. More information on HLW management is
provided in Section D.

B.4.4 Uranium Recovery

Uranium recovery is the extraction or concentration of uranium from any ore processed primarily
for its source material content.* This results in waste from uranium solution extraction
processes. These wastes usually have relatively low concentrations of radioactive materials
with long half-lives.

Four types of uranium recovery operations are regulated by NRC:

1. Milling of uranium or thorium ore involving conventional processes of excavation and
extraction,

2. Solution or “in situ” leach mining involving chemical removal of uranium from subsurface
layers by pumping fluids through the formation by a series of injection and recovery wells
and is subsequently sent to a processing facility to selectively concentrate the uranium,

3. Heap leach recovery, similar to (2), but generally performed at the earth’s surface by placing
dissolution fluids on ore or tailings material piles and collecting the uranium bearing liquid
infiltrating through the tailings, and

4. Processing of radioactive waste as an “alternate feed material” through conventional mills to
extract the uranium from the waste.

A uranium mill is a chemical plant designed to extract uranium from mined ore. A conventional
mill uses uranium ore from either open pit or deep mining. The mined ore is brought to the
milling facility by truck where the ore is crushed and leached. The leaching agent not only
extracts uranium from the ore, but also other constituents like molybdenum, vanadium,
selenium, iron, lead, and arsenic. Sulfuric acid is usually the leaching agent, but alkaline
leaching can also be used. The extraction processes concentrates the uranium into a
uranium-oxygen compound (U3Og) called yellow cake because of its yellowish color. The
remainder of the crushed rock, in processing fluid slurry, is called “tailings”.

In-situ leach (ISL) facilities are another means of extracting uranium from underground. ISLs
recover uranium from low-grade ores not economically recoverable by other methods. A
leaching agent such as oxygen with sodium carbonate is injected through wells into the ore

14Similarly, thorium was also extracted or processed in the past.
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body to dissolve the uranium. The leach solution is pumped from the formation, and an ion
exchange process is used to separate the uranium from the solution.

Solution or ISL mining of uranium became an important component of the U.S. uranium
recovery industry in the 1970s. Most NRC-regulated solution mines are in New Mexico,
Wyoming, and Nebraska. This method of mining is most effective in permeable geologic
formations at shallow to moderate depths where uranium ore bodies are formed in narrow
zones by flow of uranium-bearing ground water from oxidizing to reducing conditions.

Uranium recovery facilities are located principally in the Western U.S., where deposits of
uranium ore are located. NRC requires licensees to meet regulations compatible with EPA
standards for cleanup of uranium and thorium milling sites after processing operations have
permanently closed. This includes requirements for long-term stability of byproduct material
disposal piles, radon emissions control, water quality protection and cleanup, and cleanup of
lands and buildings.

Uranium mills shut down or scaled back operations in the early 1980s, when the price of
uranium fell. The only U.S. thorium mill was remediated under the direction of the State of
lllinois, an Agreement State. The price of uranium is still depressed and many previously
operated mills have cleaned or are cleaning up (decommissioning) waste resulting from
extracting uranium from ore based on NRC or Agreement State requirements. This waste,
primarily mill tailings (sandy ore residue), poses a potential hazard to public health and safety.
The U.S. Congress enacted the Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA)
and established two programs to protect the public and the environment from uranium mill
tailings.

UMTRCA Title | established a joint Federal/State-funded program for remedial action at inactive
uranium milling sites and “vicinity properties” contaminated from the production of uranium for
sale to the Federal government, with ultimate Federal ownership of the tailings disposal sites
under general license from NRC. DOE is responsible under Title | for cleanup and remediation
of these sites. NRC is required to evaluate DOE designs and implementation activities and,
after remediation, concur the site meets EPA standards.

UMTRCA Title Il applies to uranium milling licensed by NRC or Agreement States after 1977.
Title Il of the Act gives authority to NRC to control radiological and non-radiological hazards and
EPA to set generally applicable standards (40 CFR Part 192) for both radiological and
non-radiological hazards. This Act provides for eventual state or Federal government
ownership of the disposal sites under general license from NRC.

B.4.5 Waste from Enrichment and Fuel Fabrication Facilities

The product from uranium recovery facilities is processed to enrich the fissile content. Tailings
containing depleted uranium are a byproduct of the gaseous diffusion enrichment process. Fuel
manufacturing facilities fabricate enriched nuclear fuel assemblies for light water reactors. This
activity includes receipt, possession, storage, and transfer of special nuclear material. The
manufacturing process produces pellets, which are sintered and then loaded into fuel rods.

Fuel rods are placed in storage and are withdrawn as needed and fabricated into fuel
assemblies. Other licensed activities supporting fuel manufacturing include uranium storage,
scrap recovery, waste disposal, and laboratory services. Radioactive waste from these
processes, which vary in type and amount, is managed within the classes described in Table B-
1;e.g., Class A LLW.
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DOE is planning to dispose of its inventory of surplus weapons-grade plutonium to address
nonproliferation goals with Russia, as well as facilitate closure of former weapons complex sites.
A disposition path for surplus weapons-grade plutonium will be fabricating the plutonium into
Mixed Oxide (MOX) fuel and then irradiating it in commercial reactors. The irradiated plutonium
remaining in the spent fuel cannot be easily re-used in nuclear weapons. Spent MOX fuel
would be disposed in the planned geologic repository. Other radioactive waste generated
during fabrication will be disposed of in DOE facilities.

B.4.6 Ocean Disposal

The U.S. disposed of some LLW in the ocean in the 1950s and 1960s. This activity, while not
specifically regulated, was an accepted method for managing low-level radioactive waste.®
Authority for such disposals was derived later from the Marine Protection, Research, and
Sanctuaries Act of 1972 (MPRSA), authorizing EPA to issue permits and promulgate regulations
for disposing of materials into the territorial waters of the United States. Such disposal could not
degrade or endanger human health, welfare, ecological systems, the marine environment, or
the economy. It specifically prohibited ocean disposal of HLW. Any request for ocean disposal
of LLW requires a permit that must be approved by both houses of U.S. Congress.*®

B.4.6.1 EPA Actions Relating to Ocean Disposal of LLW

EPA undertook a series of studies to determine the impact of ocean dumping on the

marine environment. EPA issued a proposal in 1973 based on these studies, specifying
conditions for permits for ocean disposal of LLW. The final rule for such permits was issued on
January 11, 1977." No applications for this type of permit have yet been submitted to EPA.
Severe national and international restrictions were placed on ocean disposal. Commercial
generators and EPA then accelerated the search for acceptable radioactive waste disposal
alternatives. Ocean disposal of LLW was discontinued in conformity with U.S. environmental
laws and regulations and international agreements designed to prevent marine pollution, such
as the London Convention.

B.4.6.2 Status of Ocean Disposal

The U.S. disposed of some radioactive waste at sea before such practices were discontinued.
Records of the volume and type of waste disposed in the ocean by the U.S. are incomplete, but
EPA records indicate between 1946 and 1970, more than 55,000 containers of radioactive
waste were disposed of at sites in the Pacific Ocean. About 34,000 containers of radioactive
waste were also disposed of at sites off the East Coast of the United States from 1951 to 1962.
The U.S. no longer disposes of radioactive waste in this manner.

A protocol was developed in 1996 to amend the London Convention to ban ocean disposal of
radioactive wastes and incineration at sea. Article Il of the 1996 Protocol defines the objectives
of this amendment as:

Contracting Parties shall individually and collectively protect and preserve
the marine environment from all sources of pollution and take effective

*Radiation Protection at EPA: The First 30 Years. EPA 402-B-00-001. August 2000 at URL:
http://www.epa.gov/radiation/docs/402-b-00-001.pdf

BMarine Protection, Research, and Sanctuaries Act, 33 USC 1801 et seq., 1972.

U.S. Environmental Protection Agency, 40 CFR 220, Ocean Dumping, Final Revision of Regulations and Criteria, in
the Federal Register 42 FR 2462, January 11, 1977.
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measures, according to their scientific, technical and economic capabilities,
to prevent, reduce and where practicable eliminate pollution caused by
dumping or incineration at sea of wastes or other matter. Where
appropriate, they shall harmonize their policies in this regard.

EPA works very closely with other U.S. Federal agencies, including the Department of State, the
Coast Guard, the U.S. Army Corps of Engineers (COE), and the National Oceanic and
Atmospheric Administration to coordinate the U.S. Government’s policies on the London
Convention and discussions about ratification of the 1996 Protocol. EPA also works with the
same Federal agencies to develop consistent national policies to implement Title | of MPRSA,
which governs ocean disposal of material in waters of the U.S. from the baseline to the
boundary of the 200-mile Exclusive Economic Zone.

B.5 Decommissioning

Decommissioning is an activity generally taking place at the end of operation of commercial and
governmental nuclear facilities. NRC and other governmental agencies’ recommendations, and
in some cases requirements, include provision for decommissioning planning in the pre-
operational design and strategy. Waste from decommissioning is managed within the waste
classes in Table B-1 and Table B-2. Additional information is found in Section F.6.
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C. SCOPE OF APPLICATION

This section covers the application of the Joint Convention A Introduction

in the U.S. (Article 3), the U.S. position on the application of

the Joint Convention to reprocessing of spent fuel, naturally C.  Scope of Application
occurring radioactive material, and defense/military

programs. This section also provides a definition of what

the U.S. considers to be spent fuel and waste management

facilities under the provisions of the Joint Convention.

C.1 Application to Reprocessing of Spent Fuel

The U.S. does not have any commercial reprocessing
facilities. No declaration is, therefore, needed under Article
3.1.

C.2 Application to Naturally Occurring Radioactive
Materials

The Joint Convention does not apply to naturally occurring
radioactive materials (NORM) originating outside the nuclear
fuel cycle, except when a disused sealed source containing
naturally occurring radioactive material is declared
radioactive waste by the Contracting Party (Article 3.2).

The U.S. has not declared any byproduct material
containing only NORM and originating outside the nuclear
fuel cycle as radioactive waste under the Joint Convention.
The U.S also considers technologically enhanced NORM
(TENORM) materials in the same category as NORM for
Joint Convention purposes.

C.3 Application to Defense Activities

The Joint Convention does not apply to the safety of spent fuel or waste within defense or
military programs unless declared specifically by the Party under the Joint Convention (Article
3.3). The U.S. Government has determined the Joint Convention does not apply to spent fuel or
waste managed within the military programs in the U.S., but spent fuel and radioactive waste
from military programs fall within the Joint Convention when transferred for permanent disposal
in facilities operated by DOE.

U.S. military programs are primarily in the United States Department of Defense and the
National Nuclear Security Administration. The National Nuclear Security Administration is a
separate agency within DOE overseeing the military application of nuclear energy; maintenance
and enhancement of the safety, reliability, and performance of the U.S. nuclear weapons
stockpile; and development of naval propulsion plants for the U.S. Navy, among other functions.

The amount of spent fuel and radioactive waste from military programs is relatively small
compared to the commercial nuclear power sector or other governmental programs. Spent fuel
and waste in military programs are managed, however, in accordance with the objectives stated
in Article 1 of the Joint Convention.
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When waste and spent fuel are permanently transferred to an exclusively civilian program, the
Joint Convention applies to their safe management. The Joint Convention will apply to naval
reactor spent fuel when accepted for disposal in the planned geologic repository at Yucca
Mountain along with commercial spent fuel. The safety case for disposal of spent fuel and HLW
from Federal government programs will be addressed in DOE’s Yucca Mountain license
application, since these will be co-disposed with commercial waste.

C.4 Application to Radioactive Waste and Spent Fuel Management Facilities

The Joint Convention defines radioactive waste management as all activities, including
decommissioning activities, relating to handling, pretreatment, treatment, conditioning, storage,
or disposal of radioactive waste, excluding off-site transportation. For purposes of the Joint
Convention the U.S. has both commercial and government radioactive waste management
facilities.

The Joint Convention defines storage as the means of holding radioactive waste in a facility
providing for its containment, with the intention of retrieval. The U.S. does not consider facilities
as radioactive waste storage facilities where, for a short period of time (less than a year), a
waste generator collects radioactive waste for shipment or processing before sending it to a
treatment or disposal facility. This excludes a large number of interim storage facilities at
nuclear power plants, hospitals, universities, research facilities, industries, etc., where
radioactive waste is generated and shipped to disposal sites. These facilities are subject to the
regulations under licenses to possess nuclear materials. All such facilities, though not reported,
subscribe to the same objectives of Article 1 of the Joint Convention.

The Joint Convention allows Contracting Parties to include the storage of spent fuel at reactor
sites as spent fuel management facilities since they generally provide storage for a period of
time longer than one year, with the ultimate disposal at a geologic repository.

Article 3 of the Joint Convention allows Contracting Parties to declare facilities undergoing
decommissioning as radioactive waste management facilities. The U.S. has facilities in the
decommissioning phase declared as waste management facilities by constructing on-site
disposal facilities for some of the radioactive waste being generated during cleanup activities.
This report further discusses ongoing decommissioning and site remediation activities in Section
D.3 and F.6.
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D. INVENTORIES AND LISTS

This section covers U.S. obligations under Joint
Convention Article 32, Paragraph 2, to report:

D. Inventories & Lists

i. alist of the spent fuel management facilities subject to D.1
this Convention, their location, main purpose, and
essential features

ii. aninventory of spent fuel subject to this convention and
being held in storage, and spent fuel disposed...a
description of the material and...information on its mass
and total activity

iii. alist of the radioactive waste management facilities D.2
subject to this Convention, their location, main purpose
and essential features

iv. an inventory of radioactive waste subject to this
Convention and being held in storage at radioactive
waste management and nuclear fuel cycle facilities; has
been disposed of; or as resulted from past
practices...and a description of the material and other
appropriate information available, such as volume or
mass, activity, and specific radionuclides

v. alist of nuclear facilities being decommissioned and the D.3
status of decommissioning activities at those facilities

Radioactive waste inventories reported in this section are
classified according to the waste classification definitions
described in Section B of this report.

D.1 Spent Fuel Management

Most U.S. commercial spent fuel subject to the Joint

Convention will remain at nuclear power plants until the

planned geologic repository at Yucca Mountain is operating.

Some spent fuel is also being stored away from reactors at Independent Spent Fuel Storage
Installations (ISFSIs). The Joint Convention also applies to DOE governmental spent fuel
storage facilities, including those used to store foreign research reactor and U.S. research
reactor spent fuel transferred to DOE. Radioactive waste management practices are discussed
in Sections F and G.

D.1.1 Spent Fuel Storage

The need for alternative storage began to grow in the late 1970s and early 1980s when pools at
many commercial nuclear reactors began to fill with stored spent fuel. Dry cask storage allows
spent fuel already cooled in the spent fuel pool for at least one year to be surrounded by inert
gas inside a container called a canister. The canisters are typically steel cylinders either welded
or bolted closed. The steel cylinder provides a leak-tight containment of the spent fuel.
Additional steel, concrete, or other material surrounds each cylinder to provide radiation
shielding to workers and the public. Some cask designs can be used for both storage and
transportation.

Various dry cask storage systems are in use. In some designs, canisters containing the fuel are
placed vertically or horizontally in a concrete vault to provide radiation shielding. In other
designs the canister is placed vertically on a concrete pad and both metal and concrete outer
cylinders are used for radiation shielding. Figure D-1 shows typical dry cask storage systems.
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Figure D-1. Typical Dry Cask Storage Systems

The U.S. currently has 33 licensed dry cask storage facilities (ISFSIs), one licensed wet spent
fuel storage facility (GE Morris, lllinois), 18 spent fuel storage facilities at government-owned
sites, and one planned spent fuel geologic repository. Table D-1 summarizes the types and
numbers of U.S. spent fuel storage facilities. A complete list of spent fuel storage facilities is
provided in Annex D-1. Figure D-2 shows the location of ISFSIs and other spent fuel storage
facilities.

The U.S. commercial nuclear power industry had generated about 47,000 metric tons heavy metal
(MTHM) of spent fuel as of the end of 2002. About 4,200 MTHM of this spent fuel were in dry
cask storage at 30 commercial nuclear power plants. About 2,450 MTHM of spent fuel is stored
at government facilities. Table D-1 summarizes spent fuel storage inventories. Annex D-1
provides the most recent available detailed spent fuel inventories (2003 for Government and
University facilities, 2002 for commercial facilities).

U.S. Second National Report-Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management
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Figure D-2. Location of U.S. Spent Fuel and HLW Storage Installations

Table D-1. Spent Fuel Storage Facilities

Sector Function E;T”ﬁ?ésqg I{;}{.ﬁ:ﬁ@;
Pool Storage 2 51
Government | Dry Cask Storage 7 2,399
Research and Test Reactors 6 <1
University Research Reactors 30 1
Other Research and Test Reactors 5 <1
Commercial | At-Reactor Storage Pools 99 42,000%°
Independent Spent Fuel Storage Facilities (Dry Cask)** 33 4,200
Independent Spent Fuel Storage Facilities (Pool) 1 700

About 13 percent of all commercial spent fuel assemblies were stored in dry casks at ISFSIs as
of December 2004. This percentage is expected to increase as more commercial utility spent
fuel pools reach capacity, because they are required to maintain full core reserve capacity.

8In some instances multiple facilities at a given installation are counted as a single facility.

“Metric tons of heavy metal is the conventional measure of fuel mass in nuclear reactor fuel assemblies.

2y s. Energy Information Administration data as of 2002 for spent fuel in pools at commercial reactor sites.
Hincludes government held licensed facilities for commercial fuel at Fort St. Vrain and Idaho National Laboratory.
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These reactors were not designed to store all the spent fuel generated during their operational
lives, and they contribute between 1,800 and 2,200 MTHM annually to the growing inventory of
spent fuel. Projected spent fuel discharges (taking into account plant life extensions) could
bring the total to 129,000 MTHM by the year 2055.

D.1.2 Spent Fuel Disposal

The Nuclear Waste Policy Act of 1982, as amended, provides for the siting, construction, and
operation of a deep geologic repository for disposal of spent fuel and high-level radioactive
waste. Any such repository would be licensed by NRC.

The President signed the Congressional Joint Resolution on July 23, 2002, designating the
Yucca Mountain site to be developed as a geologic repository based on the results of more than
20 years of intensive science and engineering work. Figure D-3 is a picture of the planned
repository site. DOE is preparing a license application for submission to NRC for authorization
to begin construction of a repository at Yucca Mountain. NRC will review this application
pursuant to 10 CFR Part 63. NRC's decision whether or not to grant the application will be
based on the results of a comprehensive safety review and of a full and fair public hearing.

Yucca Mountain is located about 160 kilometers northwest of Las Vegas, Nevada, on
unpopulated desert land owned by the Federal government. The long-term average
precipitation has been about 30 centimeters per year. Yucca Mountain itself is a ridge of tilted
layers of volcanic rock, called tuff that was deposited by a series of eruptions about 11 to 14
million years ago. Geological mapping of the surface and other studies show faults are present
in the vicinity of Yucca Mountain. The host rock proposed for the planned repository is a welded
tuff unit located about 300 meters below the surface and 300 meters above the water table.

DOE is responsible for transporting spent fuel and HLW from storage locations to the NRC-
licensed geologic repository. Spent fuel and HLW would be transported by truck and rail in
shipping casks certified by NRC. The material would then be transferred into robust corrosion
resistant waste packages for disposal (Figure D-4). NWPA limits the emplacement of waste at
the first geologic repository to 70,000 MTHM until a second repository is in operation. DOE wiill
provide a report to the U.S. Congress between 2007 and 2010 on the need for a second
repository. Spent fuel and HLW disposed at Yucca Mountain are expected to include about
63,000 MTHM of commercial spent fuel, and 7,000 MTHM from defense related activities (about
2,400 MTHM of DOE spent fuel, and the equivalent of about 4,600 MTHM of DOE HLW).

The design objectives of the repository are to: (1) protect the health and safety of both the
workers and the public during the period of repaository operations; (2) minimize the amount of
radioactive material that may eventually reach the accessible environment; and (3) minimize life
cycle costs. The design of the repository will permit it to be kept open, with only routine
maintenance, for at least 50 years from the start of waste emplacement. Keeping the repository
open means the underground storage areas can be directly inspected and the waste packages
readily removed, if necessary. DOE’s license application to NRC will describe systems,
methods and procedures to enable safe inspection and removal during the operating period.
This flexibility will enable repository operations to meet future
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Figure D-3. Repository Site

societal needs. The geologic repository operations area (GROA) must be designed so any or
all of the emplaced waste could be retrieved on a reasonable schedule at any time up to 50
years after waste emplacement operations begin, unless a different time period is approved or
specified by NRC. Additional information on the licensing process is provided in Section F.3.

D.2 Radioactive Waste Management

Section D.2.1 describes waste storage and treatment facilities and their associated inventories.
Section D.2.2 describes disposal facilities in the U.S.

D.2.1 Radioactive Waste Storage and Treatment

Radioactive wastes are treated primarily to produce a structurally stable final waste form and
minimize the release of radioactive and hazardous components. The U.S. does not commonly
make a differentiation between the terms treatment and conditioning. Conditioning is defined in
the international community as an operation producing a waste package suitable for handling,
such as conversion of a liquid to a solid, enclosure of the waste in containers, or overpacking.
Treatment is defined as operations intended to improve the safety and/or economy by changing
the characteristics of the waste through volume reduction, removal of radionuclides, and change
in composition.”* U.S. terminology covering both conditioning and treatment is generally
referred to as treatment or processing. Treatment is used in this broader context in this report.

Z|nternational Atomic Energy Agency, Establishing a National System for Radioactive Waste Management, Safety
Series No 111-S-1.1, Vienna, Austria, 1995.
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Figure D-4. Conceptual View of Waste Package Emplacement for Disposal

Table D-2 summarizes the U.S. radioactive waste treatment and storage facilities and the
inventory in storage as of September 30, 2003. Annex D-2 provides a list of facilities, their
location, main purpose, and essential features. The following sections provide a brief
description of the major types of radioactive waste management facilities.

Table D-2. Radioactive Waste Storage and Treatment Facilities

Sector Function Waste/Material Number?® Inventory
Type
HLW 8 356,000 m®
3
Government | Storage/Treatment TRU24 16 136,000 m3
LLW 25 104,000 m
11e.(2) 2 206,000 m®
Commercial | Treatment/Processing LLW 44 Small volumes for collection

D.2.1.1 HLW Storage and Treatment

U.S. HLW remains in storage at 4 sites where it was generated from reprocessing of spent fuel.

All 2,270 cubic meters (600,000 gallons) of HLW generated from reprocessing at the former
commercial reprocessing plant at West Valley, New York, between 1966 and 1972 was vitrified
into 275 canisters awaiting disposal in the planned geologic repository. The vitrification plant at
West Valley is now being decommissioned.

HLW from reprocessing of defense materials at the Savannah River Site resulted in both solid
and liquid forms: insoluble solid chemicals and water soluble salts. The insoluble solids settle

%In some instances multiple facilities at a given installation are counted as a single facility.
*Includes Mixed LLW.
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and accumulate on the bottom of storage tanks as “sludge.” Liquid above the sludge is
concentrated by evaporation to reduce its volume. The concentrate left behind is a damp “salt
cake.” About 378,000 cubic meters (100 million gallons) of high-level waste was concentrated
by evaporation to a volume of about 140,000 cubic meters. The waste is stored at in steel tanks
within concrete vaults until it is treated. The sludge remaining in the waste tanks (which
contains most of the radioactivity), along with the radioactive cesium from the salt solution, are
transferred to the site’s Defense Waste Processing Facility for immobilization in borosilicate
glass. The Defense Waste Processing Facility began radioactive operations on March 12,
1996, and will continue operations until all HLW is processed. There were 1,712 canisters of
vitrified HLW stored at Savannah River Site in the Glass Waste Storage Building as of
September, 2004 awaiting disposal in the planned geologic repository. Each canister is 3
meters (10 feet) tall and 0.6 meters (2 feet) in diameter; it takes about 24 hours to fill one
canister. A filled canister weighs about 2.3 metric tons (2.5 tons).

Reprocessing of defense materials at the Hanford Site, began in 1944 and ended nearly 50
years later resulting in 207,000 cubic meters (53 million gallons) of radioactive waste stored
underground in 177 tanks. The waste consists of sludge, supernate, and salt cake. The tanks
are old. Sixty-seven tanks are believed to have leaked waste into the soil. Continued leakage
could threaten the Columbia River, located between 7 and 10 miles away. The waste must be
removed and processed to a form suitable for disposal, and the tanks stabilized to protect the
Columbia River. DOE plans to process tank waste and dispose the high-level portion (vitrified
HLW) at the planned geologic repository. The interim stabilization of all single-shell tanks has
been completed (all pumpable liquids removed), and waste is being retrieved from these tanks
in preparation for interim closure. Waste in one tank has been fully retrieved. Design and
construction of the Waste Treatment Plant, which includes a pretreatment facility, low-activity
waste treatment facility, high-level waste facility, and analytical laboratory is progressing. This
project is one of the largest construction projects in the U.S. Treatment of Hanford HLW is
planned to begin in 2011 and end in 2027.

Radioactive waste from for more than 50 years of defense spent fuel reprocessing at the Idaho
Nuclear Technology and Engineering Center, Idaho National Laboratory, has been stored in
tanks and treated for disposal in a geologic repository. The tank farm includes eleven 300,000-
gallon underground storage tanks and four 30,000 gallon underground storage tanks. As of
February 28, 2005, seven of the eleven 300,000-gallon storage tanks and all four 30,000-gallon
tanks were emptied, with a remaining 3,300 cubic meters (873,700 gallons) in the remaining 3
tanks. Much of the waste was previously treated and is now stored as calcine (4,400 cubic
meters) in bins. The remaining liquid HLW contains a high concentration of sodium. DOE has
selected four technologies: calcination, steam reforming, cesium ion exchange and direct
evaporation for further evaluation in treating the sodium-bearing waste. Treatment of all waste
is expected to finish by the end of 2012. A decision on further treatment of calcine HLW is
expected in 2009.

Although residual tank wastes have been managed as high level wastes, it should be noted that
theses wastes may be determined to be low level wastes. Section 3116 of the National
Defense Authorization Act (NDAA) for Fiscal Year 2005 provides that the Secretary of Energy,
inconsultation with NRC, may determine that certain radioactive waste resulting from
reprocessing of spent fuel is not high level waste. Furthermore, DOE also has the authority to
determine that certain wastes are not high level waste under the Waste Incidental to
Reprocessing (WIR) provisions of DOE Manual 435.1-1, Radioactive Waste Management.
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D.2.1.2 Greater-Than-Class-C Low-Level Waste Storage and Treatment

Greater-than-Class-C (GTCC) waste is a form of low-level radioactive waste containing long-
and short-lived radionuclides with properties dictating a more robust disposal strategy than for
other classes of LLW.?®> The authority to possess this type of radioactive material is included in
the reactor license. Most forms of GTCC waste are generated by routine operations at nuclear
power plants, fuel research facilities, and manufacturers of radiopharmaceuticals and sealed
sources. The decommissioning of nuclear power reactors also generates GTCC waste.
Examples of GTCC waste include some activated metal hardware (e.g., nuclear power reactor
control rods), spent fuel disassembly hardware, ion exchange resins, filters, evaporator
residues, sealed sources used in medical and industrial applications, moisture and density
gauges, and contaminated trash. Typical radionuclides associated with GTCC waste are **C,
59Ni, 94Nb, 60C0, 99TC' 129|’ QOSI', and 137CS.26

Table D-3 provides estimates of GTCC LLW quantities. The estimates shown in this table,
though a decade old, provide insight into future inventories. The quantity of GTCC waste being
generated is generally lower than the estimates based on experience. The projected amounts
of sealed sources in Table D-3 may be underestimated, however. GTCC waste is being stored
until an adequate disposal method is established. The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires GTCC waste be disposed in a NRC-licensed
facility. Environmental impacts of the various options for GTCC waste disposal are being
examined.

Table D-3. Greater-Than-Class-C Waste Inventory?’
Source 1993 Inventory (m°) Pé;]:fgtﬁ] %g#ttg:; (I;T']fef;'
Nuclear electric utility 26 1,300
Sealed sources 39 240
Other Generators 74 470
Totals 139 2,010

D.2.1.3 LLW Storage and Treatment

The U.S. treats radioactive wastes to remove free liquids, stabilize or destroy other hazardous
components contained in the waste, and/or reduce the final disposal volume through
compaction. This treatment is limited to some TRU wastes and some LLW. There are private
companies in the U.S. called “waste brokers” providing packaging, treatment, and disposal
services. Some of these waste brokers serve limited clientele. Others perform these services
for a wider body of clients. Annex D-2 includes a number of these brokers.

D.2.2 Radioactive Waste Disposal
DOE HLW is planned to be disposed, along with spent fuel, in the planned geologic repository.

See Section D.1.2. Radioactive waste management practices are discussed in Section F and
Section H.

%Title 10, Code of Federal Regulations, Part 61.55; Tables 1 and 2 for long and short lived radionuclides,
respectively.

%Taken from http:/www.state.nv.us/nucwaste/gtcc/gtce.htm
#’From Yucca Mountain EIS, primary source is DIRS 101798-DOE (1994).
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The cumulative inventory of disposed radioactive waste September 30, 2004 is shown in Table
D-4. Annex D-2 provides more detailed information on the quantities for each disposal facility.

Table D-4. Radioactive Waste Disposal Facilities
Sector Facility Type Waste Type Number Inventory
Government/ | Planned Geologic Repository HLW 1 0
Commercial (Yucca Mountain) (also Spent Fuel)
Geologic Repository (WIPP) TRU 1 24,000 m®
Government C!osed Greater Confinement TRU 1 200 m?
Disposal (boreholes)
Near Surface Disposal LLW % 19 5,800,000 m°
LLW 3
Commercial Operating Near Surface Disposal (Class A, B, C) 3 2,660,000 m
11e.(2) 1 1,010,000 m®
Closed Near Surface Disposal LLW 4 438,000 m°
Government/ . . Resi'duall
C : Title | UMTRCA Disposal Radioactive 20 163,000,000
ommercial : - :
Material (tailings) Metric Tons
Commercial Title I UMTRCA Disposal 1le.(2) 39
Other Closed Disposal Cells Residual
Government (Weldon Spring Site and Radioactive 2 3,120,000 m®
Monticello) Material (tailings)

D.2.2.1 Transuranic Waste Disposal

The Waste Isolation Pilot Plant (WIPP) is a geologic repository to safely and permanently
dispose of TRU radioactive waste left from the research and production of nuclear weapons.
WIPP began operations on March 26, 1999, after more than 20 years of scientific study, public
input, and regulatory review.

WIPP is located in the remote Chihuahuan Desert of southeastern New Mexico, about 80
kilometers (50 miles) from Carlsbad, New Mexico. The repository consists of disposal rooms
mined 655 meters (2,150 feet) underground in a 600 meter-thick (2,000 feet) salt formation. This
formation has been stable for more than 200 million years (see Figure D-5). The TRU waste
currently stored at 23 locations nationwide will be shipped to and disposed of at WIPP over the
next 35 years. WIPP is expected to receive about 170,000 cubic meters of waste in 37,000
shipments. About 24,000 cubic meters of contact-handled TRU waste were disposed at WIPP
as of September 30, 2004.

The WIPP cannot accept remote-handled TRU waste until ongoing regulatory actions are
complete. By law, WIPP cannot accept:

¢ Remote-handled TRU waste with a surface dose rate in excess of 10 Sv per hour (1,000
rem per hour),

¢ More than 5 percent by volume of remote-handled TRU waste with a surface dose rate in
excess of 1 Sv per hour (100 rem per hour), and

e More than 1.8E5 Thq (5.1 million curies) of remote-handled TRU waste.

ncludes Mixed LLW.
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If permitted, a limit of 7,079 cubic meters (250,000 cubic feet) of remote-handled TRU waste
can be disposed in the WIPP.

SALT STORAGE PILES WASTE HANDLING
SALTSHH.IE?.ING SUPPCRT BUILDING

AIR INTAKE SHAFT
EXHAUST SHAFT

i PANELS 3.8
-~ . NOT YET EXCAVATED

R
i BELL CAMYON
E == 10001t

Figure D-5. WIPP Schematic and'Stratigraphic Sequence

D.2.2.2 Low-Level Waste (Near-Surface) Disposal

There are currently three active, licensed commercial LLW disposal sites; however, none can
accept GTCC LLW. A license application for a fourth facility is pending:

e GTS-Duratek/Chem-Nuclear (Barnwell, South Carolina) - Access is currently authorized for
LLW generators not limited or bound by compact rules (see Section H.1), but plans to close
to waste outside of the Atlantic Compact (South Carolina, Connecticut, and New Jersey) in
2008. Barnwell disposes of Class A, B and C LLW.

e U.S. Ecology (on DOE’s Hanford Site near Richland, Washington) - restricted access to only
the Northwest and Rocky Mountain Compacts. U.S. Ecology disposes of Class A, B and C
LLW.

e Envirocare of Utah (Clive, Utah) - accepts Class A LLW and mixed LLW for LLW generators
not limited or bound by compact rules (see Section H.1).

e Alicense application is under review by the State of Texas for a new commercial LLW
disposal site at Waste Control Specialists near Andrews, Texas. The proposed site includes
a facility to dispose of LLW for the Texas compact and a facility to dispose of Federal mixed
LLW and LLW. A licensing decision is not expected before December 2007.

Commercial LLW sites now closed are: Beatty, Nevada (closed 1993); Maxey Flats, Kentucky
(closed 1977); Sheffield, lllinois (closed 1978), and West Valley, New York (closed 1975).

Table D-5 provides a breakdown of LLW commercially disposed in 2004, a representative
year®®. About 55 percent of the LLW commercially disposed in 2003 is from government

2350urce MIMS database, DOE December 2004, see http://mims.apps.em.doe.gov/mims.asp#
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sources, including Federal, state and local governments. No commercial LLW is disposed in
DOE (government) facilities, but DOE does dispose of LLW at both government and commercial
facilities, when economical. Industry, including waste brokers and processors, accounts for 30
percent of the volume of LLW disposed commercially. Nuclear power plant operations generate
15 percent of the volume of waste disposed commercially, and about 0.1 percent is from

academic and medical sources.

Table D-5. Low-Level Waste Received at Commercial Disposal Sites in 2004
(Volume in cubic meters)

Source Class A | Class B Class C Total
Academic 28 0 15 29
Government (from DOE) 258,000 0 0 258,000
Government (non-DOE) 17,613 20 26 17,659
Industry 35,491 7 15 35,513
Medical 1.6 0 0.7 2
Utility 55,391 385 447 56,223
(S(c))vEe)rnment Mixed LLW (from 8.900 0 0 8.900
All other Mixed LLW 273 0 0 273
Total 376,000 412 490 377,000

Over 99 percent of the LLW volume disposed of at commercial sites was Class A LLW, most of
which was disposed of at the Clive, Utah site, with the remaining volume split between the
Barnwell, South Carolina, and U.S. Ecology, Richland, Washington, sites. Over 97 percent of
Class B LLW and over 99 percent of Class C waste was disposed at the Barnwell site, with the
remainder disposed at Richland.

DOE operates disposal facilities for LLW at: Hanford, Washington; Idaho National Laboratory,
Idaho; Los Alamos National Laboratory (LANL), New Mexico; Nevada Test Site, Nevada; and
Savannah River Site, South Carolina. DOE also operates LLW disposal facilities for waste from
cleanup projects (generally large volumes with low concentrations) at Fernald, Ohio; Hanford,
Idaho National Laboratory, and Oak Ridge, Tennessee. Figure D-6 provides a conceptual
illustration of a LLW disposal facility.

There are also closed disposal facilities managed by DOE. One such facility is greater
confinement disposal (boreholes) used to dispose of certain transuranic and other defense
waste at the Nevada Test Site. There are closed burial grounds for LLW used decades ago for
disposal of wastes resulting from defense activities, e.g., at Hanford, Oak Ridge, and Savannah
River. Hydrofracture was once used at Oak Ridge, Tennessee, for disposal of waste in slate
formations beneath the site.

In addition to the LLW facilities discussed above, U.S. waste generators also may use
hazardous waste disposal facilities for disposal of waste with very low-levels of radioactive
constituents. These facilities are designed to isolate hazardous waste substances from the
environment, but are also effective in isolating radioactive constituents and may offer cost and
efficiency benefits. Some sites are used for disposal of naturally occurring radioactive
materials, and therefore already have procedures and features for ensuring safety of disposal of
low activity radioactive waste. Waste originating in the nuclear fuel cycle, if appropriate, is
disposed in these facilities under specifically authorized limits, after a safety analysis is
performed.
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Figure D-6. Concept of a LLW Disposal Facility
D.2.2.3 Uranium Mill Tailings Disposal

Section B.4.4 describes uranium recovery in the U.S. The types of uranium recovery facilities
are diverse, but the waste forms are classified either as residual radioactive material (UMTRCA
Title | facility waste) or 11e.(2) byproduct material (UMTRCA Title Il). Mill tailings consist of
fine-grained, sand-like and silty materials, usually deposited in large piles next to the mill
processing the ore. Tailings are generated during the milling of certain ores to extract uranium
and thorium. These wastes have relatively low concentrations of radioactive materials with long
half-lives, including radium (generates radon by radioactive decay), thorium, and small residual
amounts of uranium not extracted during the milling process.

The conventional tailings pile is a constructed impoundment or a former uranium mine pit
meeting criteria in 10 CFR Part 40, Appendix A (or compatible state regulations). These criteria
include requirements for siting and design of the pile, cover performance, and financial surety
for decommissioning, reclamation, and long-term surveillance.

Mills are typically located in areas of low population density, and process ores from mines within
about 50 kilometers (30 miles) of the mill. Most mills in the U.S. are being decommissioned.
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One is in standby and two are still in operation (International Uranium Corporation, White Mesa
in Utah and Cotter Corporation in Colorado).

D.2.2.3.1 UMTRCA Title | Mill Tailings Sites

The Uranium Mill Tailings Radiation Control Act of 1978 required DOE to complete surface
remediation and ground water cleanup at inactive uranium milling sites and contaminated
vicinity properties where uranium was processed solely for sale to the Federal government and
not licensed in 1978. Tailings from some sites were combined, resulting in 18 tailings sites
under long-term surveillance and two being actively remediated. These piles range in size from
46,000 to 3.5 million cubic meters of material. The inactive sites are located in western states,
except for a site at Canonsburg, Pennsylvania, and an associated property at Burrell,
Pennsylvania.

DOE became a NRC licensee in 1993 under the general license provisions of 10 CFR 40.27.
The covered sites are listed in Annex D-3.

D.2.2.3.2 UMTRCA Title Il Licensed Uranium Recovery Facilities/Mill Tailings
Sites

Uranium recovery facilities are located principally in the Western U.S., near deposits of uranium
ore. NRC requires licensees to meet regulations compatible with EPA standards for cleanup of
uranium and thorium milling sites after processing operations have permanently closed. This
includes requirements for long-term stability of byproduct material disposal piles, radon
emissions control, water quality protection and cleanup, and cleanup of land and buildings.

There are 16 conventional uranium mills and 12 in-situ leach (ISL) mining facilities in the U.S.
Two of the conventional mill site licenses have been terminated and the reclaimed tailings areas
transferred to DOE for long-term care under the general license provisions of 10 CFR 40.28.
NRC-licensed sites are located in Nebraska, New Mexico, Utah, and Wyoming. There are five
Agreement States (Colorado, lllinois, Texas, Utah, and Washington) licensing Atomic Energy
Act section 11e.(2) byproduct material. NRC is required to determine applicable standards and
requirements have been met by uranium mills before termination of their Agreement State
license. Annex D-3 lists the uranium recovery facilities, both NRC and Agreement State
regulated facilities. NRC transferred the responsibility for licensing, inspection, enforcement,
and rulemaking activities for uranium and thorium milling operations and mill tailings and other
wastes, known as 11e.(2) byproduct material, to Utah on August 16, 2004. The International
Uranium Corporation— White Mesa facility, as well as 2 decommissioning UMTRCA Title Il sites,
Plateau Resources — Shootaring Canyon and Rio Algom — Lisbon, were transferred to Utah.
There are now 20 UMTRCA Title Il facilities licensed or under review regulated by the
Agreement States.

Texas, an Agreement State, licenses eight ISL mining facilities and four more are licensed by
NRC. Surface facilities may be dismantled after operations cease in one solution mine field
area and reassembled and used in another licensed site. Final decommissioning includes the
surface facilities and restoration of ground water quality in the mine site to achieve pre-mining
conditions.

A separate 11e.(2) waste disposal facility, operated by Envirocare of Utah at South Clive, Utah,
was licensed as a commercial facility in November 1993 to receive and dispose of 11e.(2)
byproduct material, including radioactive waste from conventional and other milling operations.
This license has been transferred to Utah Agreement State authority. The site also has disposal
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cells licensed under Utah Agreement State authority, for disposal of low-level radioactive waste
and mixed waste. The Envirocare facility was never an active uranium recovery operation site.
It is listed under the Radioactive Waste Management Facilities (Annex D-2).

D.2.2.4 Mine Overburden Remediation

The Atomic Energy Act does not specify uranium mining overburden as a radioactive material to
be controlled, and NRC and DOE do not regulate the disposition of conventional mining wastes.
However, EPA has authority, under a variety of legal statutes, for radiation protection of the
public and environment from exposures to naturally occurring radioactive materials (NORM) and
technologically enhanced NORM (TENORM), including their hazardous and toxic impacts. This
authority is frequently extended to the individual states, or federal land management agencies,
which regulate the environmental impacts under clean water and clean air legislation, as well as
having a general authority to address any mining activity having deleterious effects on humans
and habitats. Once uranium mining product is beneficiated or is brought into the milling circuit,
including production from in-situ leach operations, then NRC and its Agreement States regulate
its possession, use, transport, etc.

Mine overburden is not classified in the U.S. as a radioactive waste requiring restricted disposal,
but, an estimate of mine overburden is provided at the request of other Contracting Parties to
the Joint Convention. Unless otherwise noted, the information which follows can be found at the
U.S. EPA Internet site http://www.epa.gov/tenorm/about.htm.

The uranium mining industry began in the 1940s primarily to produce uranium for use in
weapons and later for nuclear fuel fabrication. Although there are about 4000 mines with
documented production, a database compiled by EPA, with information provided by other
federal, state, and tribal agencies, includes 15,000 mine locations with uranium occurrence in
14 western states. Most of those locations are found in Colorado, Utah, New Mexico, Arizona,
and Wyoming, with about 75% of those on federal and tribal lands. The majority of these sites
were conventional (open pit and underground) mines. With the drop in market price of uranium
beginning in the 1980’s U.S. producers turned to in-situ leaching operations as a principal
means of extracting uranium from ore bodies. There were only six uranium mines operating in
the U.S. in 2004 according to the DOE’s Energy Information Administration®’, and half of those
were in-situ operations. However, the number of operating mines of all kinds may increase as a
result of higher world uranium prices and decreasing supply in the U.S.

Mining of uranium ores by surface and underground methods produces large amounts of
radioactive waste material classified as NORM or TENORM, including overburden, unreclaimed,
subeconomic ores (protore)®, “barren” rock, and drill cuttings. The volume of waste produced by
surface, open-pit mining is a factor of approximately 45 greater than for underground mining,
based on their respective averages. Thus, the amount of overburden generated from open-pit
mines far exceeds that of underground mines. The U.S. Geological Survey estimated for EPA
that the total amount of waste rock generated by the approximately 4,000 conventional mines in
their data files ranged from one billion to nine billion metric tons of waste, with a likely estimate
of three billion metric tons. Given the larger number of mine locations identified by EPA, the
amount of waste rock is likely to be higher.

0y.s. Energy Information Administration, 2005. "Domestic Uranium Production Report" (2003-2004), U. S. Uranium
Mine Production and Number of Mines and Sources, 2003-2004.
http://www.eia.doe.gov/cneaf/nuclear/dupr/umine.html

3 Material, such as containing uranium that cannot be produced at a profit under existing conditions but that may
become profitable with technological advances or price increases; mineralized material too low in concentration to
constitute ore, but from which ore may be formed through secondary enrichment.
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Studies from mine reclamation assessments indicate that material identified as “waste” or
“overburden” varies widely in radium-226 activity, but that for most waste piles dominated by
overburden material, measurements higher than 0.74 Bg/g (20 pCi/g) are unusual. Protore, on
the other hand, can be considerably higher in radium-226 activity, with most material in the
range of 1.11-22.2 Bg/g (30-600 pCi/g). Radon measurements in some abandoned mines
where mechanical ventilation has ceased are quite high, and pose risks for prolonged human
exposure. Field measurements indicate that average radon flux rates vary from about 0.07-2.22
Bg/m?s (2—60 pCi/m?s) for overburden materials, to greater than 7.4 Bg/m?s (a few hundred
pCi/m?s) for low-grade ore materials. The broad range of radon flux rates is due in part to
varying radium concentrations (the parent radionuclide) found in low-grade ores that are at
times disposed of with overburden. Gamma exposure rates for overburden materials range
from 20 puR/hr to 300 pR/hr, with an average value of perhaps 50 pR/hr, including background.
Protore ranges from 80 to 1,250 pR/hr, with an average value estimated at 350 uR/hr.

Programs such as the Abandoned Mine Land Program and DOE Uranium Mill Tailings
Remedial Action Project focused on restoration of legacy mining and milling sites in the last 50
years. Many of the individual states and tribes also have reclaimed mine sites. These programs
were not limited to uranium, but included other conventional mining operations, such as coal
and metals. There are no reliable estimates of the total number of abandoned uranium mines
which have been reclaimed. Although most areas where uranium mining has occurred are
remote and arid, a principal EPA concern is the recycling of uranium mine waste for other uses,
including residential construction materials.

D.3 Nuclear Facility Decommissioning

Table D-6 summarizes ongoing U.S. decommissioning activities within the Joint Convention
context. More information is provided in the following subsections corresponding to each of the
entries in Table D-6.

Table D-6. Summary of Decommissioning Activities in Progress
Sector Type Number
DOE Nuclear/Radioactive Facilities for which
Government o X . . 1186
Decommissioning is Ongoing or Pending
Formerly Utilized Sites Remedial Action Program Sites
Government/Commercial | (FUSRAP) 27
Decommissioning Materials Sites 39
. Nuclear Power Plants 16
Commercial
Other Non-Power Reactor Facilities 20

D.3.1 DOE Sites with Decommissioning/Remediation Projects

The U.S. has a legacy of radioactive waste from past government activities and events
spanning nearly five decades. A total of 114 sites covering more than two million acres of land
are used by the U.S. Government for nuclear research and development and nuclear weapons
production activities. Most of the land at these sites is not contaminated. Within the boundaries
of these 114 sites are numerous radiological-controlled areas with thousands of individual
facilities, encompassing 10,400 discrete contaminated locations (“release sites”). Over 5,000 of
these release sites have been cleaned up. This constitutes full remediation at 75 of the 114
DOE sites to date. Some DOE sites, such as Rocky Flats, are near growing suburban
populations, while others are secluded and far from any community.
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The U.S. Government continues to safeguard its nuclear materials, dispose of waste, remediate
extensive surface and ground water contamination, and deactivate and decommission
thousands of excess contaminated facilities. The Fernald Environmental Management Project,
Fernald, Ohio, a former defense uranium processing plant, is now undergoing decommissioning
and includes an on-site waste disposal cell. Annex D-4 shows a summary of the remaining
nuclear/radioactive facility decommissioning projects, and also a summary of remaining
remediation projects at DOE sites undergoing cleanup. Some of the large decommissioning
projects now in progress are:

Brookhaven Graphite Research Reactor,

Rocky Flats (expected to be complete soon after the publication of this report),

Plutonium Finishing Plant at the Hanford Site,

Fast Flux Test Facility at the Hanford Site,

East Tennessee Technology Park (formerly the Oak Ridge Gaseous Diffusion Plant), and
Alpha-4 Building at Oak Ridge Y-12 Complex.

D.3.2 Formerly Utilized Sites Remedial Action Program

Work was performed at sites throughout the U.S. during the 1940s, 1950s, and 1960s as part of
the nation's early atomic energy program. Some sites' activities can be traced back as far as
World War Il and the Manhattan Engineering District (MED). Other sites were involved in
peacetime activities under the AEC. Most sites contaminated during the early atomic energy
program were cleaned up under the guidelines in effect at the time. Those cleanup guidelines
were generally not as strict as today's, so trace amounts of radioactive materials remained at
some of the sites. Contamination was then spread to other locations, either by demolition of
buildings, intentional movement of materials, or by natural processes.

DOE established the Formerly Utilized Sites Remedial Action Program (FUSRAP) in 1974 to
study these sites and take appropriate cleanup action. When contamination is suspected at a
site, old records are reviewed and the site is surveyed. Additional cleanup is authorized under
FUSRAP if contamination connected to a MED or AEC activity is found. The U.S. Congress
also added some sites to FUSRAP with industrial contamination similar to that produced by
MED or AEC activities. The Energy and Water Development Appropriations Act for Fiscal Year
1998, P.L. 105-62 (October 13, 1997) transferred responsibility for the administration and
execution of FUSRAP from DOE to the U.S. Army Corps of Engineers (COE). The COE
contract strategy concentrates on individual site-specific remediation contracts. The COE
pursues more efficient remedial actions through the use of performance-based specifications,
using fixed-price and cost-type contracts.

The contaminants at FUSRAP sites are primarily low levels of uranium, thorium, and radium,
with their associated decay products. None of these sites pose an immediate threat to human
health or the environment. Materials containing low levels of radioactive residues are
excavated, packaged, and transported for disposal at licensed commercial disposal sites, such
as Envirocare of Utah, or to hazardous waste landfills, as appropriate. Annex D-5 lists FUSRAP
sites with ongoing remediation.

D.3.3 Complex Licensed Materials Sites Decommissioning (NRC)
NRC has taken a comprehensive approach to its decommissioning program to achieve better

effectiveness (see Section F.6.1). NRC developed a Site Decommissioning Management Plan
(SDMP) in 1990 for timely cleanup of certain unusual and difficult sites, particularly those with
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high soil contamination or with old, contaminated buildings. The SDMP was originally created to
develop a comprehensive strategy for achieving timely closure of decommissioning issues and
to develop a list of contaminated sites ("SDMP sites") in order of cleanup priority. Forty-nine
sites were originally identified as SDMP sites.

The goals of the SDMP since that time (i.e., to achieve closure on cleanup issues so cleanup
could proceed in a timely manner) have been achieved. NRC has eliminated the SDMP
designation and now manages the SDMP sites as complex sites under its broader
decommissioning program. This comprehensive decommissioning program includes routine
decommissioning sites, formerly licensed sites, SDMP sites, non-routine/complex sites, fuel
cycle sites, and test/research and power reactors. The cleanup of these sites is now managed
more effectively as part of this larger program.

There are now 39 complex decommissioning materials sites. Between October 2003 and
August 2005, NRC terminated the license for 10 “complex sites”: (1) Babcock & Wilcox-Parks
Township; (2) Envirotest Laboratories; (3) Molycorp, Inc.-York; (4) University of Wyoming; (5)
Watertown-GSA,; (6) Alliant Ordinance & Ground Systems; (7) Engelhard Minerals-Ravenna; (8)
Kiski Valley Water Pollution Control Authority (KVWPCA); (9) Augustana College; and (10) Kerr
McGee-Technical Center. Annex D-6 provides a list of the 39 “complex sites” subject to
decommissioning. NRC is committed to terminating one site each year from the list of complex
material sites under decommissioning.

More specific information on the status of NRC regulated sites can be found at NRC’s website*,
including status information for complex sites:

e Status of complex material sites: name, location, and status of complex sites currently
undergoing decommissioning;

¢ Sites removed from SDMP after successful remediation: name, location, and current use
of sites for which decommissioning has been completed;

e Sites removed from SDMP after transfer to EPA or an Agreement State: name, location,
and status these sites.

e Site status summaries: Status of each complex decommissioning site and summary of
technical and regulatory issues impacting completion of the decommissioning.

D.3.4 Power and Non-Power Reactor Decommissioning

NRC has regulatory project management responsibility for decommissioning 16 power reactors.
NRC also provides project management and inspection oversight for the decommissioning of 20
research and test reactors. Annex D-7 lists these reactors. Currently, 13 research and test
reactors have been issued decommissioning orders or amendments by NRC. Three research
and test reactors are in “possession-only” status, either waiting for shutdown of another
research or test reactor at the site or removal of the spent fuel from the site by DOE. One
research and test reactor is preparing to submit a decommissioning amendment request, and
one of the three research and test reactors in possession-only status still has fuel in storage at
the reactor.

D.3.5 Other Non-Power Facility Decommissioning

NRC provides project management and technical review for decommissioning and reclamation
of facilities regulated under 10 CFR Part 40, Appendix A. These licensees include conventional

2 http://www.nrc.gov/what-we-do/regulatory/decommissioning.html
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uranium mills and in-situ leach (ISL) facilities and NRC-licensed [Uranium Mill Tailings Radiation
Control Act (UMTRCA) Title 11] sites in decommissioning. These sites are shown in Annex D-3.

NRC also provides licensing oversight and decommissioning project management for fuel cycle
facilities, including conversion plants, enrichment plants, and fuel manufacturing plants. NRC
continues to work closely with the states and EPA to regulate remediation of unused portions of
fuel cycle facilities. One conversion facility (Honeywell) and two fuel manufacturers (Framatome
Richland and General Atomics) continued some decommissioning in 2004, although all are still
operating.
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E. LEGISLATIVE & REGULATORY SYSTEMS

A.  Introduction

E.1 Legislative System

The national policy on regulatory control of radioactive . Soape of Apphcation
waste management in the U.S. has evolved through a
series of laws establishing the Federal government
agencies responsible for the safety of radioactive materials
as described in Section A. Federal legislation is enacted
by the U. S. Congress and signed into law by the
President. Laws of the nation apply to all 50 states and
territories. Legislation on safety of spent fuel and
radioactive waste can be traced back for 5 decades.

Table E-1 provides a summary of the legislation mentioned
below.

E. Legislative & Regulatory Systems

The U.S. Congress passed legislation in 1954, for the first
time permitting the wide peaceful use of atomic energy.
The 1954 Atomic Energy Act (AEA) redefined the atomic
energy program by ending the government monopoly on
technical data and making the growth of a private
commercial nuclear industry an urgent national goal.

Three types of commercial nuclear materials are

regulated:

e Special nuclear material - uranium-233 or uranium-
235, enriched uranium, or plutonium,

e Source material - natural uranium or thorium, or
depleted uranium not suitable for use as reactor fuel,
and

e Byproduct material - generally nuclear material (other
than special nuclear material) produced or made radioactive in a nuclear reactor. Also the
tailings and waste produced by extraction or concentration of uranium or thorium from an
ore processed primarily for its source material content.

The Atomic Energy Act directed the AEC “...to encourage widespread participation in the
development and utilization of atomic energy for peaceful purposes.” It instructed the AEC to
prepare regulations to protect public health and safety from radiation hazards. The 1954 Act
assigned AEC three major roles: to continue its weapons program, to promote the private use of
atomic energy for peaceful applications, and to protect public health and safety from the
hazards of commercial nuclear power.

Congress passed the National Environmental Policy Act (NEPA) in 1969, among other things,
establishing a national policy for the environment and the Council on Environmental Quality.
EPA was subsequently created in 1970 by Presidential Executive Order. EPA was given AEA
authority for setting generally applicable standards for radioactivity in the environment outside
the boundaries of AEC-owned facilities. A separate statute, the Waste Isolation Pilot Plant Land
Withdrawal Act (WIPP LWA) provides EPA authority to periodically certify WIPP meets EPA
generally applicable standards (40 CFR Part 191). EPA also has responsibility for regulating
and enforcing the levels of radioactivity in air emissions and in drinking water under the Clean
Air Act and the Safe Drinking Water Act.
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Table E-1. Key U.S. Policy Laws Governing Radioactive Waste Management

Atomic Energy Act of 1954, as amended, established the Atomic Energy Commission, the predecessor to
NRC and DOE, with Federal responsibility to regulate the commercial use of nuclear materials, byproducts and
sources including the regulation of civilian nuclear reactors. Under Reorganization Plan No. 3 of 1970, which
created EPA, authority to establish generally applicable environmental standards was transferred to EPA.

National Environmental Policy Act (NEPA) of 1969, as amended, requires Federal agencies to consider
environmental values and factors in agency planning and decision-making. Full compliance with the letter and
spirit of the NEPA, the U.S. national charter for protection of the environment, is an essential priority for EPA,
Council on Environmental Quality, DOE and NRC.

The Marine Protection, Research, and Sanctuaries Act (MPRSA) of 1972, also known as the Ocean
Dumping Act, prohibits the dumping of material into the ocean that would unreasonably degrade or endanger
human health or the marine environment.

Energy Reorganization Act of 1974, as amended, established NRC and ERDA - the predecessor of DOE.

Uranium Mill Tailings and Radiation Control Act of 1978, as amended, vested EPA with overall responsibility
for establishing health and environmental cleanup standards for uranium milling sites and contaminated vicinity
properties, NRC with responsibility for licensing and regulating uranium production and related activities,
including decommissioning, and DOE with responsibility for long-term monitoring of the decommissioned sites.
Uranium recovery and tailings disposal sites are divided into two categories: Title | dealing with DOE-remedial
action programs of former mill tailings sites in which all or substantially all of the uranium was produced for sale
to any Federal agency prior to January 1971 under a contract with any Federal agency; and Title 1l dealing with
non-DOE mill tailings sites; and in-situ leach uranium solution mining sites licensed by NRC or an Agreement
State according to NRC regulations.

Low-Level Radioactive Waste Policy Act of 1980 and the Low-Level Radioactive Waste Policy
Amendments Act of 1985 authorized the states — rather than the Federal Government — responsibility to
provide additional disposal capacity for commercial LLW from regional compacts (groups of states) for the safe
disposal of such LLW; and decide whether to exclude waste generated outside a Compact. The Act also
provided a system of milestones, incentives, and penalties to encourage states and regional compacts to be
responsible for their own LLW.

National Security and Military Applications of Nuclear Energy Authorization Act of 1980 (Public Law 96-
164). Section 213 (a) of the Act authorizes WIPP "for the express purpose of providing a research and
development facility to demonstrate the safe disposal of radioactive wastes resulting from defense activities and
programs of the United States exempted from regulation by the U.S. Nuclear Regulatory Commission.*

West Valley Demonstration Act of 1980 authorized DOE to conduct a technology demonstration project for
solidifying HLW, disposing of waste created by the solidification, and decommissioning the facilities used in the
process. The Act required DOE to enter into an agreement with the State of New York for carrying out the
Project.

Nuclear Waste Policy Act of 1982 (NWPA) and the Nuclear Waste Policy Amendments Act of 1987
(NWPAA) provide for the siting, construction, and operating of a deep geologic repository that could be used to
dispose of spent fuel and HLW. Any such repository would be licensed by NRC. Pursuant to the NWPA, the
Secretary of Energy, the President, and the U.S. Congress have acted to designate Yucca Mountain as the site
of the first such repository. DOE is preparing a license application for submission to NRC to receive
authorization to begin construction of a repository at Yucca Mountain. NRC will review this license pursuant to
10 CFR Part 63.

Waste Isolation Pilot Plant Land Withdrawal Act (WIPP LWA) of 1992, as amended withdraws land from the
public domain for operation of the Waste Isolation Pilot Plant. Defines operational limitations and the role of the
U.S. Environmental Protection Agency and the U.S. Mine Safety and Health Administration. Exempts TRU
mixed waste destined for disposal at WIPP from treatment requirements and land disposal prohibitions under the
Solid Waste Disposal Act. Includes provisions for economic assistance to the State of New Mexico. The Act
also defines transportation and emergency preparedness requirements pertaining to WIPP, including NRC
certification of WIPP shipping containers. The Act provides for EPA continuing regulatory role at WIPP,
including recertification that WIPP meets EPA standards.
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Table E-1. Key U.S. Policy Laws Governing Radioactive Waste Management

Energy Policy Act (EnPA) of 1992 mandated a new and different process for developing the HLW disposal
regulations for the planned repository at Yucca Mountain, Nevada. Congress, through EnPA, directed the
National Academy of Sciences (NAS) to evaluate the scientific basis for a Yucca Mountain standard, and
directed EPA to promulgate site-specific public health and safety standards based on and consistent with the
findings and recommendations of the NAS. Once the final standards are promulgated by EPA, the EnPA directs
NRC to modify its technical requirements to conform to the new EPA standards.

Energy Policy Act of 2005 (EPACTO05) Sets forth an energy and development program and includes specific
provisions addressing, among other things, disposal of GTCC waste (including certain sealed sources), NORM,
and accelerator-produced waste.

EPA can determine soil cleanup values and other residual radioactivity limits at contaminated
sites where there are releases or potential for releases of hazardous substances into the
environment under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA). EPA also has authority to provide Federal guidance on radiation protection
matters affecting public health.

Congress passed the Energy Reorganization Act in 1974, separating the AEC into NRC and
ERDA, predecessor of DOE. Additional legislation further defined the roles of NRC and DOE
and introduced a role for the states through the Low-Level Radioactive Waste Policy Act of 1980
(LLRWPA) and the Low-Level Radioactive Waste Policy Amendments Act of 1985 (LLRWPAA).
This legislation assigned to the states, rather than the U.S. Government, the responsibility to
provide additional disposal capacity for commercial LLW.

The NWPA and the NWPAA provide for siting, construction, and operation of a deep geologic
repository to dispose of spent fuel and HLW. Any such repository would be licensed by NRC.
The Secretary of Energy, the President, and the U.S. Congress have now acted to designate
Yucca Mountain as the site of the first such repository. DOE is preparing a license application
to submit to NRC for authorization to begin construction of a repository at Yucca Mountain.
NRC will review this license under 10 CFR Part 63.

NWPA defined the relationship between the Federal Government and the state governments on
disposal of spent fuel and HLW, and established:

¢ A schedule for the siting, construction, and operation of repositories that will provide a
reasonable assurance the public and the environment will be adequately protected from the
hazards posed by repository disposal;

The disposal of such waste as a matter of Federal policy, and;

e The creation of a Nuclear Waste Fund, composed of payments made by the generators and
owners of waste to ensure the costs of disposal will borne by the persons responsible for
generating the waste.

Congress amended NWPA through NWPAA in 1997 to:

Create a Nuclear Waste Technical Review Board (NWTRB) as an independent review body;
Establish a Nuclear Waste Negotiator;

Direct DOE to study (characterize) only the Yucca Mountain site;

Require a report to Congress between 2007 and 2010 on the need for a second repository;
and

e Establish a consultant role of NRC during the site characterization process, on which DOE
makes a recommendation of a potential site as a candidate for a geologic repository.
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The Energy Policy Act (EnPA) of 1992 mandated a new and different process for EPA to
develop the HLW disposal standards for a repository at Yucca Mountain. The U.S. Congress
directed the National Academy of Sciences (NAS) to evaluate the scientific basis for a Yucca
Mountain standard, and directed EPA to promulgate new public health and safety standards
based on and consistent with the findings and recommendations of the NAS. Once the final
standards were promulgated, EnPA directed NRC to modify its technical requirements to
conform to the new EPA standards. EnPA directed the NAS to provide EPA with
recommendations on the following issues:

o Whether health-based standards based on doses to individual members of the public from
releases to the accessible environment will provide a reasonable standard for protection of
the health and safety of the general public;

o Whether it is reasonable to assume a system of post-closure oversight of the repository can
be developed, based on active institutional controls, preventing an unreasonable risk of
breaching the repository's engineered or geologic barriers or increasing the exposure of
individual members of the public to radiation beyond allowable limits, and

o Whether it is possible to make scientifically supportable predictions of the probability the
repository engineered or geologic barriers will be breached as a result of human intrusion
over a period of 10,000 years.

EPA issued its radiation protection standards in 40 CFR Part 197, on June 13, 2001. These
standards are designed to protect public health and safety by establishing a maximum dose
level for the first 10,000 years. As discussed further in Section E.2.1.2, EPA proposed revised
standards for the period beyond 10,000 years, and up to one million years after disposal, in
response to the July 2004 Court ruling.

NRC's role is to implement the public health and safety standards established by EPA in any
licensing process conducted for a repository at Yucca Mountain. NRC finalized its licensing
criteria and published 10 CFR Part 63 on November 2, 2001, incorporating EPA public health
and environmental standards issued in June 2001. A licensing process involving an
adjudicatory hearing will result in a determination by NRC on authorization to construct a
repository at the planned Yucca Mountain site. NRC must make another determination
authorizing DOE to receive and possess waste at the repository prior to the start of repository
operation. As EPA revises its standards because of the judicial review, NRC will make
corresponding changes as necessary to 10 CFR Part 63.

DOE's role is to characterize the Yucca Mountain site and determine whether it should be
recommended to the President for development as a repository. DOE issued its final repository
site suitability guidelines, General Guidelines for the Recommendation of Sites for Nuclear
Waste Repositories; Yucca Mountain Site Suitability Guidelines, 10 CFR Part 963, on
November 14, 2001. DOE used the guidelines in 10 CFR Part 963 to determine whether the
planned Yucca Mountain site is suitable for development as a repository. DOE will submit a
license application for the planned repository construction to NRC following the regulatory
requirements in 10 CFR Part 63.

E.2 Regulatory System

The regulatory system for spent fuel and radioactive waste management in the U.S. involves
several agencies. The key agencies are NRC, regulating the commercial nuclear sector, EPA
establishing and regulating environmental standards, and DOE regulating its government
programs. Some NRC regulatory authority functions, excluding spent fuel and HLW, can be
relinquished to the 50 U.S. States (including territories, Puerto Rico, and the District of
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Columbia) under its Agreement State Program. This authority includes regulating commercial
LLW disposal sites and uranium mill tailings sites, and regulatory authority over the disposal of
mill tailings. Some states have regulatory authority delegated to them by EPA, such as for
discharges of some industrial or mining practices.

The general regulations for the three Federal Agencies responsible for radioactive waste
regulation are contained in Title 10 (for NRC and DOE) and Title 40 (for EPA) of the U.S. Code
of Federal Regulations (CFR). A compendium of these regulations is published annually, but
regulations are frequently revised and in force before the next annual compendium. U.S.
Government regulations are developed through an open process, including the opportunity for
public comment. New regulations are published daily in the Federal Register, in proposed or
final forms. A listing of specific regulations for each Agency is in Table E-2. Copies of these
regulations are available in print and electronically®.

Table E-2. Spent Fuel and Radioactive Waste Management Regulations

U.S. Nuclear Regulatory Commission

e 10 CFR Part 20, Standards for protection against radiation

e 10 CFR Part 30, Rules of general applicability to domestic licensing of byproduct
material

e 10 CFR Part 40, Domestic Licensing of Source Material

e 10 CFR Part 51, Environmental protection regulations for domestic licensing and
related regulatory functions

e 10 CFR Part 60, Disposal of High-Level Radioactive Wastes in Geologic Repositories

e 10 CFR Part 61, Licensing Requirements for Land Disposal of Radioactive Waste

e 10 CFR Part 62, Criteria and Procedures for Emergency Access to Non-Federal and
Regional Low-Level Waste Disposal Facilities

e 10 CFR Part 63, Disposal of High-Level Radioactive Wastes in a Geologic Repository
at Yucca Mountain, Nevada

e 10 CFR Part 70, Domestic Licensing of Special Nuclear Material

e 10 CFR Part 72, Licensing Requirements for the Independent Storage of Spent Nuclear
Fuel and High-Level Radioactive Waste

e 10 CFR Part 73, Physical Protection of Plants and Materials

e 10 CFR Part 75, Safeguards on Nuclear Material Implementation of U.S./IAEA
Agreement

e 10 CFR Part 76, Certification of Gaseous Diffusion Plants

e 10 CFR Part 110, Export and Import of Nuclear Equipment and Material

U.S. Department of Energy

e 10 CFR Part 765, Reimbursement of Costs for Remedial Action at Active Uranium and
Thorium Processing Sites

e 10 CFR Part 766, Uranium Enrichment Decontamination and Decommissioning Fund;

Procedures for Special Assessment of Domestic Utilities

10 CFR Part 820, Procedural Rules for DOE Nuclear Facilities

10 CFR Part 830, Nuclear Safety Management

10 CFR Part 835, Occupational Radiation Protection

10 CFR Part 960, General Guidelines for the Recommendation for Sites for Nuclear

Waste Repositories

e 10 CFR Part 963, Yucca Mountain Site Suitability Guidelines

e 10 CFR Part 1021, National Environmental Policy Act Implementing Procedures

The following DOE Orders are applicable to safety:
e Order 151.1B, Comprehensive Emergency Management System

#Electronic versions of the Code of Federal Regulations are available on the Internet at:
http://www.gpoaccess.gov/cfr/index.html
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Table E-2. Spent Fuel and Radioactive Waste Management Regulations

Order 231.1A, Environment, Safety, and Health
Order 360.1B, Federal Employee Training
Order 414.1C, Quality Assurance

Order 420.1A, Facility Safety

CFR 830

Order 425.1C, Startup and restart of Nuclear Facilities

Order 430.1B, Real Property Asset Management

Order 433.1, Maintenance Management Program

Order 435.1, Radioactive Waste Management

Order 440.1A, Worker Protection Management for DOE Federal and Contractor
Employees

Order 470.2B, Independent Oversight and Performance Assurance Program
Order 5400.5, Radiation Protection of the Public and the Environment

Order 5480.19A, Conduct of Operations Requirements for DOE Facilities

DOE Nuclear Facilities

U.S. Environmental Protection Agency

40 CFR Part 61, National Emission Standards for Hazardous Air Pollutants

e Subpart B, radon from underground uranium mines,

e Subpart H, radionuclide emissions, other than radon, from DOE facilities,

e Subpart I, radionuclide emissions from Federal facilities other than DOE or NRC
licensed facilities,

Subpart K, radionuclide emissions from elemental phosphorus plants,

Subpart Q, radon from DOE facilities,

Subpart R, radon from phosphogypsum stacks,

Subpart T, radon from disposal of mill tailings, and

Subpart W, radon from tailings at operating mills.

40 CFR Part 191, Environmental Radiation Protection Standards for Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes

40 CFR Part 192, Health and Environmental Protection Standards for Uranium and Thorium

Mill Tailings

40 CFR Part 194, Criteria for the Certification and Re-Certification of the Waste Isolation
Pilot Plant's (WIPP) Compliance with the 40 CFR Part 191 Disposal Regulations

40 CFR Part 197, Public Health and Environmental Radiation Protection Standards for
Yucca Mountain, Nevada

Title 40, Code of Federal Regulations relating to radiation protection include:

Part 141, National Primary Drinking Water Regulations,

Part 147, State Underground Injection Control Programs,

Part 148, Hazardous Waste Injection Restrictions,

Part 195, Radon Proficiency Programs,

Parts 220 and 133, Ocean Dumping,

Part 300, National Oil and Hazardous Substances Pollution Contingency Plan,
Part 302, Designation, Reportable Quantities, and Notification, and

Part 440, Ore Mining and Dressing Point Source Category (Uranium, Radium, and
Vanadium Ores subcategory).

Guide 421.1-2; Guide 423.1-1; DOE Guide 424.1-1, Implementation Guides for 10

Order 5480.20A, Personnel Selection, Qualification, and Training Requirements for
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E.2.1 U.S. Nuclear Regulatory Commission

NRC is an independent regulatory agency established by Congress under the Energy
Reorganization Act of 1974 to ensure adequate protection of the public health and safety and
the environment, and to promote the common defense and security in the civilian use of
byproduct, source, and special nuclear materials. NRC regulates:

Commercial nuclear power; non-power research, test, and training reactors;
Fuel cycle facilities; medical, academic, and industrial uses of nuclear materials; and
Transportation, storage, and disposal of nuclear materials and waste.

NRC regulates manufacture, production, transfer or delivery, receiving, acquisition, ownership,
possession, and use of commercial radioactive materials, including waste. The NRC regulatory
process has six key components:

Regulations and Guidance: Developing regulations and guidance for applicants and
licensees,

Licensing and Certification: Licensing or certifying applicants to use nuclear materials or
operate nuclear facilities,

Oversight: Inspecting licensee operations and facilities to verify and enforce licensee
compliance with safety requirements, which includes holding hearings to address the
concerns of parties affected by agency decisions,

Emergency Response: Leading and coordinating NRC response to safety-related incidents
based on their severity

Lessons Learned:. Evaluating operational experience at licensed facilities or involving
licensed activities, and

Decision Support: Conducting research and obtaining independent reviews to support
regulatory decisions.

NRC regulates waste in three broad classification types as described in Section B:

LLW - includes radioactively contaminated protective clothing, tools, filters, rags, medical
waste, and many other items.

HLW — includes "irradiated" or spent fuel (spent fuel is classified in the broader context of
HLW in NRC regulations)

Uranium Mill Tailings - the residues remaining after the processing of natural ore to extract
uranium and thorium, referred to in section 11e.(2) of the Atomic Energy Act as byproduct
material.

The following activities are key components of NRC regulatory program.

Reqgulations and Guidance

Rulemaking—developing and amending regulations licensees must meet to obtain or retain
a license or certificate to use nuclear materials or operate a nuclear facility.

Guidance Development—developing and revising guidance documents, such as regulatory
guides, standard review plans, and the NRC Inspection Manual to guide NRC in
implementing regulations and acceptable approaches to licensees for meeting regulations.
Generic Communications—sending applicants and licensees information about operational
events at other nuclear facilities and/or requests for information from licensees related to
operations.
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Standards Development—working with industry standards organizations to develop
consensus standards for design, construction and inspection of systems, equipment, or
materials used by the nuclear industry. This would allow these standards to be referenced
in NRC regulations or guidance. Where industry standards are not available, developing
standards with public involvement.

Licensing and Certification

Licensing - authorizing an applicant to use or transport nuclear materials or to operate a
nuclear facility (includes new licenses, renewals, amendments, transfers and related Topical
Reports).

Certification - authorizing an applicant to manufacture spent fuel casks and transportation
packages for nuclear materials, the design of sealed sources and devices, and authorizing
an applicant to operate a gaseous diffusion plant. Certification does not authorize the
manufacture of sealed sources and devices; it approves the design of the device/source;
separate licenses authorize possession and distribution.

Oversight

Inspection - verifying a licensee's activities are properly conducted to ensure safe operations
in accordance with NRC regulations.

Enforcement - issuing sanctions to licensees who violate NRC regulations and license
conditions.

Performance Assessment - determining agency action from reviews of licensee performance
documented in inspection reports.

Allegations- responding to and investigating reports of wrongdoing by NRC licensees,
applicants for licenses, licensee’s contractors or vendors, or employees of the above.
Investigations - investigating wrongdoing by NRC licensees.

Emergency Response and Assessments

Emergency Response - leading and coordinating NRC response to safety-related incidents
based on their severity.

Events Assessment - daily review and long term trend analysis of accidents and other
reportable incidents to determine regulatory response.

Generic Issues - identifying and resolving safety issues affecting more than one licensed
facility.

Decision Support

Research — conduct experiments, technical studies, and analyses to help NRC make
realistic decisions, assess the safety significance of potential technical issues, and prepare
the agency for the future by evaluating potential safety issues involving new designs and
technology.

Advisory Activities - Establishing independent advisory bodies reporting to or chartered by
NRC, to review and independently assess regulatory proposals.

Adjudication - Establishing independent bodies to address concerns of parties affected by
licensing or enforcement actions in a legal setting.

NRC conducts licensing and inspection activities associated with domestic nuclear fuel cycle
facilities, uses of nuclear materials, transport of nuclear materials, management and disposal of
LLW and HLW, and decontamination and decommissioning of facilities and sites. NRC is also
responsible for establishing the technical basis for regulations, and provides information and
technical basis for developing acceptance criteria for licensing reviews.
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An important aspect of NRC's regulatory program is its inspection and enforcement activities.
NRC has four regional offices (Region I in King of Prussia, Pennsylvania; Region Il in Atlanta,
Georgia; Region Il in Lisle, lllinois; and Region IV in Arlington, Texas). These offices conduct
inspections of licensed facilities including nuclear waste facilities. NRC also has an Office of
State and Tribal Programs to establish and maintain communication with state and local
governments and Tribes, and administer the Agreement States Program. An Agreement State
is a state signing an agreement with NRC allowing the State to regulate the use of radioactive
material within that State, consistent with NRC regulations. There are 33 Agreement States.

NRC issues guidance on implementing its regulations in documents, among these are
Regulatory Guides, NRC Regulatory Guides (NUREGS) (reports), Standard Review Plans, and
Interim Staff Guidance documents. NRC develops guidance to set a standard approach to
licensing. They are not regulatory requirements, but do reflect methods, procedures, or actions
acceptable to the staff for implementing specific parts of NRC regulations.

Guidance documents also provide the standard format and content for license applications.
Staff technical positions are divided into two general types: so-called “generic” positions, on
issues relating to licensing activities for nuclear facilities independent of the technology or site
selected; and site-specific positions, giving site guidance or advice for a specific site. NRC also
uses Standard Review Plans, providing guidance to NRC staff for reviewing licensee submittals.
These are public plans so licensees and applicants understand what is needed to comply with
regulations. Licensees and applicants have this third type of guidance to assist in preparing
license applications to demonstrate compliance with the regulations. A listing of guidance
issued by NRC is provided in Annex E-1.

Important guidance for radiation protection programs is in International Commission on
Radiation Protection (ICRP) and the National Council on Radiation Protection and
Measurements (NCRP) technical guidelines (See Section E.2.6). Recommendations are cited
in NRC staff documents, focusing on dose assessments.

Table E-3 lists the strategic goals and corresponding outcomes to measure results for meeting
NRC strategic goals.

Table E-3. NRC Strategic Goals and Outcomes

NRC's strategic objective is to enable the use and management of radioactive materials and nuclear
fuels for beneficial civilian purposes in a manner that protects public health and safety and the
environment, promotes the security of our nation, and provides for regulatory actions that are open,
effective, efficient, realistic, and timely.

The goals to meet this objective are:
l. Safety: Ensure protection of public health and safety and the environment.

Il. Security: Ensure the secure use and management of radioactive materials.
1. Openness: Ensure openness in our regulatory process.

V. Effectiveness: Ensure that NRC actions are effective, efficient, realistic, and timely.
V. Management: Ensure excellence in agency management to carry out NRC's strategic
objective.

Specific outcomes which will serve as measuring sticks for the success or failure in meeting these
goals for spent fuel and radioactive waste management include:

¢ No inadvertent criticality events.
e No acute radiation exposures resulting in fatalities.
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¢ No releases of radioactive materials that result in significant radiation exposures.

¢ No releases of radioactive materials that cause significant adverse environmental impacts.

¢ No instances where licensed radioactive materials are used domestically in a manner hostile
to the security of the United States.

e Stakeholders are informed and involved in NRC processes as appropriate.

¢ No significant licensing or regulatory impediments to the safe and beneficial uses of
radioactive materials.

Reference: FY 2004-2009 Strategic Plan (NUREG-1614, Vol. 3) URL: http://www.nrc.gov/reading-rm/doc-
collections/nuregs/staff/sr1614/v3/index.html#pub-info

E.2.1.1 Uranium Recovery Regulation

NRC is responsible for planning and implementing regulatory programs under UMTRCA. Title |
(of UMTRCA) involves managing, coordinating, and conducting the safety and environmental
reviews of remediation activities, and reviewing and concurring in documents related to the
cleanup and licensing of abandoned uranium mill tailings sites.

UMTRCA charged EPA to issue generally applicable standards for control of uranium mill
tailings. EPA issued standards for both Title | and Title Il sites in 1983. The Title | program
established a joint Federal/state funded program for remedial action at abandoned mill tailings
sites, with final Federal ownership under license from NRC. NRC, under Title |, must evaluate
DOE designs and concur that DOE actions meet standards set by EPA. The Atlas site (Moab,
Utah) was recently designated a Title | site and will undergo surface remedial action. Only
reviews for the ground water remedial action program for all other title | sites remain, as all
surface remedial action was completed in fiscal year 1999. NRC and DOE have a
memorandum of understanding to clarify their roles and responsibilities, e.g., to minimize or
eliminate duplication of effort between the two agencies.

NRC changed its regulations in November 1995 in 10 CFR Part 40, Appendix A, to be
consistent with EPA Title 1l standards and meet UMTRCA requirements. Various changes have
been made to Part 40 for the Title Il sites since 1985. EPA issued final Title | UMTRCA ground
water standards in 1995.

UMTRCA Title Il involves planning and directing activities for active, licensed uranium recovery
facilities, including facility licensing and operation, and mill tailings management and
decommissioning. The Title Il program deals with sites under license to NRC or Agreement
States. NRC has the authority under Title 1l to control radiological and non-radiological hazards
and ensure NRC-licensed and Agreement State-licensed sites meet all standards and
requirements during operations and before termination of the license. NRC reviews Title Il
license applicant’s plans for operation, reclamation, decommissioning, and ground-water
corrective action; license applications and renewals; license conditions changes; and annual
surety up-dates. NRC also prepares environmental assessments for certain licensing actions.
Long-term care of reclaimed tailings sites (by a state or DOE) is licensed by NRC under general
licenses at 10 CFR Part 40.27 (for Title | sites) and 40.28 (for Title Il sites).

Specific NRC activities under the (UMTRCA) include:

e Oversight and program direction for the uranium recovery program;
Implementing policies and programs; and

¢ Reviewing uranium recovery licensing and inspection programs for technical adequacy and
consistency.
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NRC also provides technical assistance to Agreement States on uranium recovery issues and
implements an active interface program including consultation with Federal agencies, states,
Indian tribes, and other entities to promote understanding of uranium programs and resolving
concerns in a timely manner.

E.2.1.2 HLW Regulation

The responsibility of regulatory agencies for disposal of HLW and spent fuel is described in the
Nuclear Waste Policy Act. NRC is the U.S. regulator for disposal of HLW, including:

e Preparing to review a DOE license application for a HLW repository at a pace consistent
with the national program.

o Implementing EPA’s site-specific HLW radiation safety standards, using site-specific,
performance (assessment)-based regulation, both of which were developed in open, public
rulemaking processes.

e Conducting pre-licensing consultation and beginning regulatory activity when the application
for the Yucca Mountain repository is received.

e Certifying transportation casks.

Hosting meetings at NRC Headquarters, in Nevada, and along major transportation
corridors to the planned high-level radioactive waste repository at Yucca Mountain, including
workshops to assist in understanding NRC's regulatory role and licensing process.

¢ Implementing and maintaining the high-level waste Licensing Support Network, a system to
store documents on the high-level radioactive waste repository, make such documents
available to the public, and provide training to assist stakeholders in using the system.

e Performing a comprehensive, independent safety review of DOE’s license application and
conducting a full and fair public hearing, to ensure an open, objective decision on whether or
not to construct a planned repository at Yucca Mountain.

EPA issued final standards for Yucca Mountain on June 13, 2001, codified at 40 CFR 197.
NRC published conforming licensing regulations on November 21, 2001, codified at 10 CFR
Part 63. These standards and regulations withstood multiple legal challenges except for the
part of the EPA regulation governing the period of time after disposal for which compliance must
be demonstrated. In July 2004, the Court of Appeals for the D.C. Circuit vacated the 10,000-
year compliance period established in EPA standards and incorporated in NRC regulations.
EPA'’s August 2005 proposal to revise its regulations retains the 10,000-year compliance period
with a maximum dose level, and adds a compliance period for the time period after 10,000
years and up to one million years after disposal with a separate maximum dose level based on
natural background radiation levels for people currently living within the United States. The
proposed standards for the period after 10,000 years incorporates specific direction on
analyzing features, events and processes (e.g., earthquakes, volcanoes, increased water flow
due to climate changes) that may affect performance. NRC will amend its regulations as
necessary to be consistent with the final changes to EPA standards for Yucca Mountain.

NRC regulations contain risk-informed, performance-based criteria for both pre-closure
operations and post-closure performance of the planned geologic repository. EPA standards
and NRC regulations are generally consistent with recommendations of the NAS and with
national and international recommendations for radiation protection standards.

NRC'’s regulatory program for HLW disposal is how focused on its transition from prelicensing to
licensing activities as NRC prepares for receipt of a license application. NRC'’s prelicensing
activities with DOE have been conducted under a formal prelicensing agreement, and have
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been open to participation by the states, Indian tribes, local governments, industry, and

other stakeholders. The NRC website contains information on pre-licensing activities, site
characterization, resolution of Key Technical Issues, the YM EIS (NEPA Process), site
recommendation, communications with NRC, Advisory Committee on Nuclear Waste (ACNW)
public hearings, etc.** The NRC site characterization review included identifying specific
concerns impacting licensing. NRC observed and commented on DOE plans for repository
surface and subsurface facilities, its quality assurance (QA) program, evaluations of potential
performance, and other activities.

A web-based Licensing Support Network (LSN) was established to facilitate meeting a
Congressional mandate for NRC to reach a determination on DOE's license application for a
repository in three years. The parties and potential parties to the hearing on DOE’s application
will make their documents available via the internet before the license application is submitted.
This will enable NRC to shorten the time spent on the exchange of documents that may be used
as evidence in the NRC licensing proceeding. The LSN provides a single place where the
parties and potential parties to the licensing hearing can search for documents from any of
those collections in a uniform way. Access to the system during peak usage may be restricted
to participants in the licensing process. The LSN is codified in 10 CFR 2, Subpart J.%*°

E.2.1.3 LLW Regulation
NRC activities supporting its strategic objectives® for LLW regulation include:

e Assessing key issues affecting the safe management of civilian low-level waste disposal to
ensure potential disruption in access to the three licensed disposal sites does not adversely
affect licensees' ability to operate safely and decommission their plants safely.

e Working cooperatively with the Agreement States through the National Materials Program to
agree on priorities to enhance the regulatory framework for materials licensees.

e Conducting periodic reviews of Agreement State programs to ensure they are adequate to
protect health and safety and are compatible with NRC's program and their programs and
ensure a sound and consistent regulatory framework.

e Working closely with the Agreement States to develop consistent, risk-informed processes
to review event information and identify safety issues for materials licensees.

States were in various stages of planning, siting and licensing LLW disposal facilities in the late
1980s and early 1990s in an attempt to meet the milestones of LLRWPAA. NRC developed
Standard Format and Content (NUREG-1199) and Standard Review Plan (NUREG-1200),
providing guidance on licensing LLW disposal facilities to enable NRC to meet its statutory
requirements of reviewing a license application within 15 months of receipt and to provide
technical guidance to Agreement States. NRC published a final report, A Performance
Assessment Methodology for Low-Level Radioactive Waste Disposal Facilities:
Recommendations of NRC's Performance Assessment Working Group (NUREG-1573) in
October 2002. NRC has not received a license application for a new LLW disposal facility,
although an application is being processed by the State of Texas, an Agreement State.

#nttp://www.nrc.gov/waste/hlw-disposal/pre-licensing.html.

%The web site is located at: http://www.Isnnet.gov and is administered by the Atomic Safety and Licensing Board
Panel of NRC.

% Extracted from NRC Strategic Plan, NUREG 1614, Volume 3, August 2004

50



E.2.1.4 Decommissioning Regulation

Decommissioning involves safely removing an NRC-licensed facility from service and reducing
residual radioactivity to a level permitting the property to be released for unrestricted or
restricted use. This action is taken by a licensee before terminating the license. Non-licensed
facilities may also be required to decontaminate and decommission the site to meet NRC
release limits.

NRC Commissioners directed their staff in July 1998 to prepare guidance documents for the
Final Rule on Radiological Criteria for License Termination. The staff has completed several
other guidance documents (see list of decommissioning guidance documents in Annex E-1) to
help licensees prepare decommissioning documents and provide the staff with uniform criteria
for reviewing licensee submittals. The staff conducted several workshops with stakeholders to
obtain input on the development of a standard review plan. The staff consolidated and updated
numerous decommissioning guidance documents in September 2003 into a three-volume
guidance called NUREG-1757, Consolidated NMSS Decommissioning Guidance, superseding
all previous material guidance for decommissioning materials sites.

NRC has started an initiative to continually improve the licensing process for
decommissioning sites and terminating NRC licenses in accordance with 10 CFR Part 20,
Subpart E. This effort is referred to as the Integrated Decommissioning Improvement Plan.

Its specific purposes include: describing a “continuous improvement” plan for
decommissioning during FY 2004-2007; and integrating and tracking regulatory improvements
from the License Termination Rule (LTR) Analysis, program management improvements

from the Decommissioning Program Evaluation, and other staff improvements. Issues being
considered include:

» Restricted use/institutional controls, including engineered barriers and long-term
monitoring

* On-site disposal

* Realistic scenarios

* Removal of material after license termination (relationship of LTR and control of
disposition of solid material), and

* Other non-LTR Analysis topics (e.g., ground water monitoring)

E.2.1.5 NRC'’s Integrated Materials Performance Evaluation Program (IMPEP)

NRC designed and piloted a review process in 1994 for Agreement State and NRC Regional
materials programs called the Integrated Materials Performance Evaluation Program (IMPEP).
Common performance indicators were established to obtain comparable information on the
performance of each program. NRC began full implementation of IMPEP in 1996 to ensure
public health and safety are adequately protected from the hazards of using radioactive
materials, and Agreement State programs are compatible with NRC's program.

The IMPEP process employs a team of NRC and Agreement State staff to assess both
Agreement State and NRC Regional radioactive materials licensing and inspection programs.
All reviews use the following common indicators in the assessment and place primary emphasis
on performance:

¢ Technical Staffing and Training
o Status of Materials Inspection Program
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e Technical Quality of Inspections
e Technical Quality of Licensing Actions
e Technical Quality of Incident and Allegation Activities

Additional areas are identified as non-common performance indicators (Compatibility
Requirements, Sealed Source and Device Evaluation Program, Low Level Radioactive Waste
Disposal Program, Uranium Recovery Program, Regional Fuel Cycle Inspection Program, and
Site Decommissioning Management Plan) and may also be addressed in the assessment.

Both Agreement States and Regional NRC Offices are reviewed under this program. About 10-
12 reviews are scheduled each year. Regions and Agreement States are routinely reviewed
every 4 years, although the timeline may be adjusted depending on performance. The final
determination of adequacy of each NRC Regional program and both adequacy and compatibility
of each Agreement State program, based on the review team's report, is made by a
Management Review Board (MRB). This Board is composed of NRC managers and an
Agreement State program manager who serves as an Agreement State liaison to the MRB.

The Organization of Agreement States is invited to nominate liaisons to participate in MRB
meetings, as a nonvoting participant. The State representative receives all relevant documents
and engages in all MRB discussions except those potentially involving the Agreement State
liaison's own State. Agreement States and Regional representatives are also invited to attend
their individual MRB meetings to discuss the IMPEP team's findings with the MRB.

The range of possible findings for an Agreement State program is as follows:
1. Adequate to protect the public health and safety and compatible/not compatible
2. Adequate, but needs improvement and compatible/not compatible
3. Inadequate to protect public health and safety and compatible/not compatible

Regional NRC Offices are rated in the same manner, but without the additional compatibility
finding.

E.2.1.6 Advisory Committee on Nuclear Waste

The Advisory Committee on Nuclear Waste was established in June 1988 to provide
independent technical advice to NRC Commissioners on agency activities, programs, and key
technical issues on NRC regulation, management, and safe disposal of radioactive waste.

The ACNW interacts with NRC, the Advisory Committee on Reactor Safeguards, other Federal,
State, and local agencies, Indian tribes, the public, and other stakeholders to fulfill its
responsibilities. The bases for the Committee’s advice include the regulations for high-level
waste disposal, LLW disposal, and other regulations and legislative mandates. The ACNW
examines and reports on areas of concern as requested by NRC Commissioners and may
undertake studies and activities on its own initiative, as appropriate.

The ACNW is independent of NRC and reports directly to the Commissioners who appoint its
members. The provisions of the Federal Advisory Committee Act govern the operational
practices of the ACNW. Advisory committees are structured to provide a forum where experts
representing many technical perspectives can provide independent advice factored into the
Commissioners’ decision-making process. Most advisory committee meetings are open to the
public and any person may request an opportunity to make an oral statement during the
committee meeting.
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E.2.2 U.S. Environmental Protection Agency

EPA has several regulatory functions associated with radioactive waste. These areas are
described in more detail below.

E.2.2.1 Waste Isolation Pilot Plant Oversight

EPA enforces its radiation standards and provides oversight of DOE WIPP disposal facility for
transuranic radioactive waste. The Waste Isolation Pilot Plant Land Withdrawal Act (WIPP
LWA), requires EPA to issue final regulations for disposal of spent fuel, HLW, and TRU waste.
It also gave EPA the authority to develop the criteria implementing final WIPP radioactive waste
disposal standards. EPA must also determine every five years whether or not the WIPP facility
continues to be in compliance with 40 CFR Part 191. The WIPP LWA required EPA to
determine whether WIPP complies with other Federal environmental and public health and
safety regulations, such as the Clean Air Act and the Solid Waste Disposal Act.

EPA issued final amendments to its radioactive waste disposal standards on December 20,
1993, initially promulgated in 1985 (40 CFR Part 191). The amendments address the individual
and ground water protection requirements of the original standards which had been remanded
by the U.S. Court of Appeals. The other portions of the standards were not remanded. The
final individual protection standards require disposal systems to limit the amount of radiation an
individual can be exposed for 10,000 years, rather than for 1,000 years as was required in the
original standard. The final ground water protection standards require disposal systems to be
designed, for 10,000 years after waste disposal, contamination in off-site underground sources
of drinking water will not exceed the maximum contaminant level for radionuclides established
by EPA under the Safe Drinking Water Act.

EPA issued final compliance criteria on February 9, 1996 (40 CFR Part 194) for certification and
recertification of WIPP compliance with the final radioactive waste disposal standards (40 CFR
Part 191). The compliance criteria are divided into four subparts:

e Subpart A contains definitions of terms, references, and reporting requirements for DOE. It
also describes EPA authority to modify, suspend, or revoke certification or recertification.

e Subpart B describes the format and content of the initial compliance certification and
subsequent compliance re-certifications.

e Subpart C consists of requirements applying to activities undertaken to demonstrate
compliance with EPA disposal standards. General requirements pertain to quality
assurance, the use of computer models to simulate the WIPP performance, and other areas.
Containment requirements limit releases of radionuclides to specified levels for 10,000 years
after the facility accepts its final waste for disposal. Assurance requirements involve
additional measures intended to provide confidence in the long-term containment of
radioactive waste. Subpart C also implements requirements in the disposal standards for
protecting individuals and ground water from exposure to radioactive contamination.

e Subpart D describes the process for public participation EPA will follow for certification and
recertification decisions.

DOE submitted a Compliance Certification Application (CCA) to EPA on October 29, 1996, to
demonstrate WIPP complies with the criteria at 40 CFR Part 194. EPA then published an
Advance Notice of Proposed Rulemaking announcing receipt of the application and initiated a
120-day public comment period. Copies of the application were made available to the public.
Written comments were solicited, and public hearings were held. EPA requested additional
information from DOE on completeness and technical sufficiency of the CCA. EPA announced
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its finding and the CCA was complete on May 22, 1997. EPA published a Notice of Proposed
Rulemaking on October 30, 1997, announcing the proposed certification the WIPP will comply
with EPA disposal standards. The proposed decision was accompanied by Compliance
Application Review Documents further explaining the technical basis for the EPA decision and
EPA responses to comments received on the Advance Notice of Proposed Rulemaking. EPA
provided a 120-day comment period on the Proposed Certification and also held public
hearings. The EPA Final Rulemaking Notice on the certification decision was announced on
May 18, 1998 (95 FR 27354, May 18, 1998).

DOE submitted an application for recertification of WIPP in March 2004, which by statute is
required every five years. EPA is reviewing the application and will respond through the
rulemaking process.

The Office of Radiation and Indoor Air coordinates most of EPA actions under the WIPP LWA.
Other EPA offices also play important roles in the regulation of WIPP. The EPA Region VI
office, based in Dallas, Texas, is responsible for determining WIPP compliance with all
applicable environmental laws and regulations other than the radioactive waste

disposal standards. The Region VI office also coordinates with EPA Office of Solid Waste on
hazardous waste issues. Some TRU waste intended for disposal at the WIPP also contains
hazardous components, subjecting it to the regulations developed under the Resource
Conservation and Recovery Act of 1976 (RCRA), as amended.

The State of New Mexico is authorized by EPA to carry out the State's base RCRA and mixed
waste programs in lieu of the equivalent Federal programs. The New Mexico Environment
Department reviews permit applications for treatment, storage, and disposal facilities for
hazardous waste, under Subtitle C of RCRA.

E.2.2.2 HLW Disposal Standards

EPA has responsibility for developing HLW disposal standards and has issued two separate
standards. EPA issued the final amendments in 1993 to complete its generally applicable
standards for any land disposal of spent fuel, HLW and TRU waste at 40 CFR Part 191. These
standards apply to WIPP, as described in the previous section, but do not apply to the planned
Yucca Mountain repository. The U.S. Congress enacted the Energy Policy Act (EnPA) of 1992
(Public Law 102-486) and mandated a new and different process for developing the HLW
disposal regulations for a repository at Yucca Mountain, Nevada. EnPA directed the NAS to
evaluate the scientific basis for a Yucca Mountain-specific standard (see Appendix E for
detailed issues to be addressed) and directed EPA to promulgate new public health and safety
standards based on and consistent with the findings and recommendations of the NAS. The
EnPA also directed NRC to modify its technical requirements to conform to the new EPA
standards within 1 year. NAS issued its findings and recommendations on public health and
safety standards for HLW specific to Yucca Mountain®” in August 1995.

EPA issued 40 CFR Part 197 in 2001 to limit radiation doses received by the public from a HLW
disposal facility at Yucca Mountain.®® The standards set a 0.15 mSv (15 mrem) per year dose
limit for the first 10,000 years after the facility was closed. The NAS had recommended that EPA
set a dose limit at the time of peak dose.

%"National Academy of Sciences/National Research Council, 1995.
B This activity is described in further detail at the following EPA web site: http://www.EPA.gov/radiation/yucca.
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In July 2004, the U.S. Court of Appeals for the District of Columbia Circuit ruled the 10,000-year
time period when the post-closure standards would be in effect was inconsistent with
recommendations made by the NAS. The protectiveness of the 15 mrem/yr dose limit was not
challenged nor was it addressed by the Court decision. It ruled EPA standards were invalid to
the extent they were not consistent with or based upon a longer time period, when the highest
doses of radiation from the waste are most likely to occur, as recommended by the NAS.

The standards proposed in August 2005 retain and add to EPA's original Yucca Mountain
standards issued in 2001 and are also responsive to the Court ruling.

The following is a summary and explanation of these proposed standards®:
For the first 10,000 years:

e Retain the original 0.15 mSv (15 mrem) per year individual protection standard.

e This standard ensures that people living near Yucca Mountain are protected to
the same level as those living near the Waste Isolation Pilot Plant in Carlsbad,
New Mexico , currently the only operational deep geologic radioactive waste
disposal facility in the U.S.

From 10,000 years up to 1 million years:

e Add a limit of 3.5 mSv (350 mrem) per year.

e This standard limits the maximum radiation from the facility so people living close
to Yucca Mountain during the 1 million-year time frame will not receive total
radiation any higher than natural levels experienced by people currently living in
other areas of the country.

The standards further protect public health by requiring DOE to conduct analyses covering a 1
million-year time frame to assess the potential effects of natural processes or disruptive events
affecting how well Yucca Mountain contains the waste. These include:

e Earthquakes, affecting the facility tunnels and breakdown of the waste
containers.

e Volcanic activity, affecting the waste containers directly or cause releases of
radionuclides to the environment.

e Climate change, causing increased water flow through the facility, resulting in the
release of radionuclides to the environment.

e Corrosion processes, causing breakdown of the waste containers.

The proposal also extends the time DOE must assess events and processes affecting the safety
of Yucca Mountain from 10,000 to 1 million years.

The proposal also includes requirements for:

%9EPA standards specify the characteristics of a RMEI for use in performance assessments used to demonstrate
compliance with the standards for disposal. EPA also specifies the criteria that pertain to the characteristics of the
reference biosphere for use in the post-closure performance assessments. EPA standards exclude unlikely features,
events, and processes from performance assessment analyses for estimating compliance with the standards for
human intrusion and ground-water protection.
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e Use by DOE of the middle, or median, value in calculating radiation dose. This
ensures compliance is judged using the most likely performance of the disposal
facility, and not against either very optimistic or pessimistic projections of its
behavior.

o Use of updated scientific factors to calculate radiation dose. These represent the
most recent international consensus and guidance on estimating the health
effects of radiation.

In addition, EPA has a 0.04 mSv/year (4 mrem/year) ground-water protection standard and
associated requirements for determining compliance with the standard over 10,000 years after
closure.

E.2.2.3 Mixed Waste Regulation

A dual regulatory framework exists for mixed waste with EPA or authorized states regulating the
hazardous component of the waste and NRC, NRC Agreement States, or DOE regulating the
radioactive component. NRC and DOE regulate mixed waste radiation hazards using the AEA
authority. EPA regulates mixed waste chemical hazards under its RCRA authority. NRC is
authorized by the AEA to issue licenses to commercial users of radioactive materials. RCRA
gives EPA authority to control hazardous waste from “cradle-to-grave.” Waste handlers must
comply with both AEA and RCRA statutes and regulations once a waste is found to be a mixed
waste. The requirements of RCRA and AEA are generally consistent and compatible. The
provisions in Section 1006(a) of RCRA allow the AEA to take precedence if provisions of
requirements of the two acts are inconsistent.

Land Disposal Restriction regulations under the1984 Amendments to RCRA prohibit disposal of
most mixed waste until it meets specific treatment standards. Most of the commercial mixed
waste generated and stored can be treated to meet the Land Disposal Restriction regulations by
commercially available treatment technology. No treatment or disposal capacity is available for
a small percentage of commercial mixed waste. Commercial mixed waste volumes are very
small (approximately two percent) compared to the total volume of mixed waste being
generated or stored by DOE.

DOE has developed Site Treatment Plans to handle its mixed wastes under the Federal
Facilities Compliance Act, signed into law on October 6, 1992. These plans are being
implemented by orders issued by EPA or the state regulatory authority.

E.2.2.4 Uranium Mining and Milling Air Emission Standards

EPA has established national Emission Standards under the Clean Air Act for Hazardous Air
Pollutants (NESHAPSs) for airborne radionuclide emissions from a variety of industrial sources of
radionuclide emissions (40 CFR